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natural "philoſophers that juſt ſucceeded - | 
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orgs, yet ibſtanc x firilkes bs the - 
wo ary m7 is” yy ery + ieren Wit ry 
ſame when empty, and then refiſts prefi f 
ſure with great force. All places on tte 
ſurface of the earth are replete with arr.. 
we find it in tlie bottötn of the deepeſt of „ 
eavertis, and upon the t of gheft g 
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mountains. N e 
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the opinion of Boyle that all 
A Whkifoerer had an atmoſphere cr 
a chig gu ſubſtance —— 


mewed that We dhmend had its W.. ö 
ſphere, the loadſtone another/ The rdſe 
we ſee has an atmoſphere of odorous paris ; 


flying 'round its ſurface, the muſk: dif RES. 
fuſes perfume in a very wide atmoſphere. 4 
while aſſafætida diffuſes its ſcent into a 
ſphere equally extenſtve. The cæleſtial 
bodies almoſt all of them that we are 


- atmoſpheres : when a ſtar is ſometimes 
i B 2 | hid 
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round it filled with gs 
ticles; and os 1 thought that air is 


3 104 — oa | 
of all ſublunary i 
tities:-. 1 This great 
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| Floating i in- great. 
ents ſaid they, i is continually ex 


of the ſun's heat, from 
hence „ e a number of -chymical 
1 0 8 


„ fermentations, 
ank nn This ſect of philoſo- 

 . pliers ſuppoſed, and brought experiments 

o prove, that air could be 8 n 


BIS; 


bodies at plaabare; that we ou” make 
air from earth or plants by a very eaſy” 
pibceſs, and that air was in fact nothing 
but the parts of bodies, which, by being 
changed, became pg of pad | 
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To this 1 Boyle has 9 

many experi ments by which he made 

rom — bodies 

e CD os of it before, or at 

leaft not 3 ſuch quantities as were 

extracted by him from them. He obſerves,” 

that the heſt methods for accompliſhing © 

this are by leaving the bodies to ferment: 

to putrify, to diſſolve, or in ſhort driving 

them through any proceſs that will ſerve 

to diſunite their parts from each other. 

He adds, that « even many minerals, i in the | 

parts of which we could' expect to meet — 
no ſuch fluid as air, have yet afforded 4 

much' upon being diſſolved in corroding ; a 2 

fluids, ſuch as aqui fortis, which ſepa- 

ntes the parts of the metal from each 

; B , | other, 
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4 y copper gl obular | body, 


ſiſt while empty upon the fire till it is 


' and. blows like A 3 The PI. 4 


Gill this inſtrument with water is to fet it 


hot, and then with a pair of tongs. it 
muſt be taken off and the pipe held 
under water till it be filled as much as 
vou think fit. Thoſe who have not this 
inſtrument itſelf, may eaſily make one 
ſomething like it with their tea-kettle, 
only firſt having filled Wiek water, and 
then clapping. down the lid very cloſe, 
fopping it round with loam or any ſuch 
ſubſtance to prevent the ſteam from ef= 
caping any way but by the ſpout. When 
this kettle boils, if you hold a candle to 
che ſpout you will preſently fee it blown 
out with ſome violence; and if we could 
bend down the ſpout in ſuch a manner 
as to blow againſt the fire, the kettle 
would blow the fire under itſelf like a 
pair of bellows. If the water put into 
the kettle inſtead of being ſimple were 
perfumed, this would diffuſe the odour 


with inexpreſſible ſtrength round the 
room. If a wind inftrument were pro- 
5 4 periy 


3 das 4s "AY Backs are ines of 
M8 - water when made to reſemble air, but Ml 
it is altogether different from real air; 
for when this vapour is caught by a 


5 : * differs from: common water. 
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counterfeiting Quide: and ſubſtances as 

with water; how great ſo ever theè rare- 
con, yet they conſtantly are found 

after a time to loſe the properties of air, 


| glaſtic fluid from ſeveral, bodies, from 
Pread, from grapes, from beer, apples, 


This ſubſtance had, at the firſt appear 
= io agee, all the properties of. air. But upon 
I examining it more cloſely, it was ſo far 
| from being of the ſame nature with pure 
= Air, that the animals which were con- 
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| 5 71124 1 U breathing 


: proper receiver, it quickly condenſes in 
drops to the ſides of the vellel,. a . no 


1 and to aſſume a different appearance, 
| oyle informs ys, that he hag drawn an 


| peas; as alſo from hartiborn and paper. 


: beach ni it, bot Be 
in a place from whelie 1 he had taken: 
out all the air. . 


Fx o this therefore it appears, 75 
there is ſuch a thing as true air, con- 
fidered as diſtin& from vapours, from 
factitious air, or any other minute ſub- 
ſtance floating in our atmoſphere. Tt ap- 
5 it that it can neither be converted into 
Ja other ſubſtances, nor others converted into 
. This real air when ſhut up in a glaſs 
cena remains there continually vithout 
any change, and always under the form 
of air. But it is not ſo with vapours, 
or other rarefied ſubſtances; for as ſoon as 
they become cold they loſe all their elaſ- 
tieity, and adhere to tlie ſides of the glaſs 
in the form of round drops, while the 
veſſel which in the beginning ſeemed 
filled with the vapour, in a manner ho- 
comes quit ite 8 
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AnoTHER property bp! which this 
pure air differs from vapours is, that by 
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cat. rains and rag as, it was 
ereas, if it was only a 
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E of | exhalations, theſe when 
in lightaings or falling 1 
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the air; which however is not 
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air remains unyaried, 


—4 | — DI aſequently change | the 


"Wer may therefore reſt 

gere is a ſubſtance called air "differen 
om all others, and no. way allied to 
them; but then as to the nature of thi 
| ſubſtance, the parts of which i it is com- 
poſed, the figure of thoſe parts, theſe are 
hings to which we are utterly. ſtrangers ; 
all our o F 


Experimental Philoſophy. - wa 1 
1 Though reaſon ſerves to * 

us that this pure air muſt exiſt, yet we 
have never had the means of examining 
it ſolely and unmixed with other ſub= 
ſtances. Whatever we breathe, whatever 
we feel, is but an heterogeneous mixture 
of different bodies floating in this un- 
known ſupporter; and the different 
noxious. or ſalutary effects aſcribed to 
belong properly to thoſe foreign 
mixtures with which it is * 2 


" Ronananry has ſhewn that the air 
we breathe is a chaos, or an aſſemblage 
of all kinds of bodies whatſoever. What- 
ever. fire can divide floats in the air's 
; boſom, and there 1 is no ſubſtance, how= 
ever hard, that fire i is not able at length 
an ſeparate into fume, Thus, for ex- 
ample, we meet in the air all the ſubſtances. 
which belong to the mineral kingdom, 
as it is called, ſuch as falts, ſulphurs, 
ſtones, and metals; theſe all by heat can 
be. diffipated into ſmoak, and conſe- 
quently become lighter than the air. 

| Even 
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W gold itſelf, the B of ar 
Eo minerals, is found in the mine often 
. with quickſilver; and if wre at- 
E tempt to convert the quickſilver into 
fumes over the fire, A and 
5 WEE e ee 
e ie 
A the air floats alſo all Aae that 
bene to the animal kingdom. The 
| Eopiqus emanations that continually $S 
2 from the bodies of all animals, by per- 
miration and other means, (thus if an 
healthy man's arm be put into a glaſs 
_ eaſe, the perſpiration of the limb will be 
bc. gathered like a dew upon the ſubface of 
2 the glaſs) theſe perſpirations, 1 ſay, ſend 
1 into the Air a greater quantity of the 
= animal's ſubſtance in the ſpace of a few 
| © months than would make the bulk off 


the animal itſelf. Even after the animal 
is dead, if expoſed” to the air all its 
fleſhy parts will ſoon be diſſipated, and in 
the warmeſt climates, this is often found a 
LL obtain in three or ol days. : | 


* 


"94 


<4 


Eee — 
TRE air is not leſs lonked- Ho 
vegetable perſpiration. Doctor Hales has 
calculated that a ſingle ſun- flower per- 
ſpires more than a man, but a full- grown 
All theſe perſpirationa go to be mixed in 
the air. When vegetable ſubſtances are 
left to putrefy, they then become perfectly 
1 1 „ eee * ”_ . 


Tubs ! is. our : air F — 1 an in- 
finite variety of ſubſtances foreign to its 
own nature; but of all the emanations 
which float i in it, Boyle affitms that ſalts 
are found in greateſt quantity. Some 
Author think he nitrous ſalts- Abousd 
moſt in air from the frequency of its 
being found ſticking againſt old lime 
walls, and other ſubſtances, which ſeem 
fitted for drawing i it from the air. This 
has been denied by ſome of the moderns, 
who affirm that the nitre is not in the 
air, but actually in the wall itſelf, How- 
ever this be, certain it is that the air is 
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manner as if it had been done by wor 
Neo unmized ſalt in the elaboratories 
art could do this. From hence we n 
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"3 gather that the bodies Which float in air 
Properties of w which 
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Z Fj: have not only all th | 
= -] - they are poſſeſſed fingly, but alſo afſy 
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4 ities which, they are often fc 

=_ . 890 poſſeſs. by being mixed to 

| 
con the mixture of different ſubſlances 
= -.- her. In the air, the great elabora- 
=”. tory of nature, more different effects are 
. uced, for the variety of the 
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WE: finitely, more. i 
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Tux air then ſubjected to ſenſe is a very 
eterogeneous- mixture 1 of various exha- 
lations, but what is the baſe, the fluid that 


The ancienta valled. it un element, by 
which they meant one of thoſe ſub- 
| Natices of Which: all-others are cop ald 


F 2 / '1 : 4 Pra q * * 
renn: % err ie 'i 111 
1 1 44 4-4 . 8 7 —— — 7 14 Bang 1 211 4 * 

* th A : 4 
4 ee, 1 : * 7 1 ; [4 * 
r e er "#45, +4 4 2 2 
* 1 wr 1 : "2 * "Py + * WE ud 4 # at 4 + 4 01 4 1 2? wo i 1 0 > 


3 
” 
8 
7 + 
\ 
a 
_ 
* 
# . 
* 
0 
5 
” 
EY 
* 
oy 
— _ 
” : 
® 
- | * 
: 
* 
N. 
a 
8 
— * 
, 
1 
. - 
* 
» 2 
* 
E 
Q * 
_ 
7 — 
— 
7 
* 
* 


3; : * % 
1 : 5 . 
8 x 
* 
. 
5 
: 150 
8 
* 
* 
05 
| 
f 
* 
* 
* 


«a F 7 8 
0 Atoms  Hutian Bach. bent „L 
. 10 k * . 5 
| 19-220” ta: volt: ite 
. 4 8 B | } 
Nature were ; 
off herſelf; vie 
7 7 
ered obviouſly to vier 
Later e have 1 


ay 


WT” 


45 2. 41 — rt | 
d 4 


* 


* = 


i * 
fas 71151 * # * 7 i 
all Fo 4d 93 8 
* 


4 


ber fecret. workings | 
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ature upon 
into her more ſecret receſſes, 
Ax, as we ſaid already, i is the prin- 
Ws inſtrument of nature in all her 
productions. If we deprive an animal 
of air by obſtructing the organs by which 
they inſpire it, the animal will die in a 
few minutes. If we ſhould by any other 
_ 7 means 


mean deprive the Sata of thefige as | 
air by ſhutting it into a cloſe veſſel, the air 
with which it is thus included would ſoon 
become unfit for all the purpoſes of life, 
and the animal would die in a few minutes. 
Air therefore is neceſſary for the ſupport of 
all animals; even fiſhes that live in water 
| cannot do without it: if a fiſh is put into 
a cloſe veſſel of water where the external 
air is excluded, the fiſh will ſoon die for 
want of «freſh air. The fiſhes in a pond 
covered. over with ice would die if care 
were not taken to break the ice, and ſo 
let in freſh air upon tlie ſurface of the 
water to fit it for their n, Mod 


1 be the uſes of the of thus 
inſpired by animals, or why it ſhould be 
thus neceſſary for the ſupport of life; M- 
a queſtion philoſophers cannot eaſily re- 
ſolve. Some are of opinion that there 
is a ſalt in the air, which the lungs of 
animals continually imbibe as they draw 
in their breath. This opinion they 
gathered from che fine ſcarlet colour of 
e. 8 the 


hw: ede with NN Nin the 
lungs, and that dull colour in the venal 
blood which it had before. The fearler 
colour of the blood, they ſaid, reſembled 
| what a ſalt would have given it, while 
the blackiſh colour of the blood before it 
eame to the lungs; ſhewed that it wanted 
thoſe ſalts which it afterwards: received 
from the air to fit it for the purpoſe of 
animal life. This is not true. There is 
no more falt in the ſcarlet arterial blood 
Than in the duſky-coloured venal blood; 
and in fact, none in either, . * 
of that ak we eat. 1-9 


A0 nER ſed ins epinion that 
the air was neceſſary to ſupport arimal 
life, becauſe without it the blood could not 
de driven through the body. ; For the air, 
Gid they, pling down upon the large 
ſurface of the blood in the lungs, like 
the piſton of a fyringe drives it through 
the tubes appointed for its reception, and 
» a! —— | drives n to 

| # | nptber. 


— a AER 5 
dd not triie's Hecanſe the child nb 4 
mother's'womb'har the blood circulating 
— < Wn 
to his * r 
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las 2 us "Gee 
ingenious conjectures upon this ſubject. 
He aſcribes much to the irritation of the 
air upon the internal ſurface of the lunge, 
which thus contracking to the touch, 
drives forward the blood through” the 
teſt of the body. After all theſe con- 
jectures, the particular uſes of the air 
in regulsting the animal œeonemy, are 
not yer well known, but even chil- 
dren are convinced. of its utility. We 
rather know What harm it would do us 
if taken away, than the good it 2 us 
being W. 


TI air produces e upon 
the body in Proportion+as it is charged 
with vapours and exhalations, This was 
well known to Hippocrates, and ſeveral 
e en have given us hiſ- 

2 1 


2⁰ 4 S uRYRE 1 2. 


| tories of thoſe: diſorders whi n are pro 
duced by the badneſs of air. An air 
charged with the particles either of 
arſenic or quickſilyer will ſoon become 
fctal. In the quickſilver mines at Idra 1 
5 hae ſcen the workmen in general miſer- 
ably. . affected from the nature of the 
atmoſ phere in "which they were. obliged 
to breathe. The moſt vigorous were in 
ſome meaſure palſied by working there, 
and that i in a few days; ſcarce any were 
known to outlive a term of three | years 
, conſtant reſidence at the mine. 


75 * 4 


THE air RR filled with ail 
Kir animal l bodies acquires a peſtilential - 
quality, as it is thought, and theſe ex- 
halations hive been known 10 corrupt 
quickly; the common baths of the warm 
countries, in which ſeveral bathe in a 
morning, i not -conftantly . changed, 
would ſoon grow intolerably offenſive. 
It has been theoretically alledged, that if 
a number of men were erowded into a 
ſpace of ſmall extent, the. exhalations 


7 from their bodies would ſoon form a 
column | 


ies” inftantly fatal to own, phe 
in it. Theory firſt, aſſerted this; the 
AY number of perſons ſuffocated. at * 
ſhews the theory to haye too. true a foun- 
dation. From 15 We may infer, that 
thoſe who build or improve. cities, ſh 
be very attentive to make the ftreets ſuf- . 
ficiently Tpacious, 5 and not permit their 
priſons, to be crowded with, wretches, 
whoſe numbers. muſt neceſſarily breed 
n. 2 were Even, to be wiſhed, 
, peopl abſtained.; fron Ir 
dead. nest churches, where there is, or 
"ſhould be the greateſt reſort of the living. 
Yet, aftec all, though air that has been 
too much. inſpired by man muſt be un- 
wholeſome, yet probably t air, in ſome. 
meaſure, --acquires an healthful quality 


by being moderately peopled, if I may 
ſo expreſs it. The air upon a deſolate 
coaſt, however open and dry the ſoil, is 
always found dangerous; while univer- 
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| _—_ However, this is a miſtake ; for 
Mr. Ellis, when in Senth Carolina, mea- | 
fured the warmth of the air, and found 
it ſeveral degrees greater. than animal 
heat, yet the inhabitants bore its e- 
tremity with health and uneoneern. 

However, it will fil hold that when 
the heat of che air is increaſed to many 
degrees beyond the warmth of the lungs 
that breathe in it, it will corrupt the 
ſolids and fluids both, and ſoon bring on 
death.” In a ſugar baker's oven, in which 
the heat' was equal to an hundred and 

forty-fix degrees, that is fifty-four 
5 beyond animal _— a ſparrow died in 
two minutes, and a dog in twenty- 


Coup in exceſs has a 
effect alſo upon the health of aste 
but its malign influence is neither ſo 
ſudden nor ſo ſure as that of heat. Cold 
oontraQs the animal fibres ſo much that 
| C4 the 


is ſame ori 1 in bot 8 
aud then in cold, will be found to he 
' ſhrunk, in the latter very conſiderably, 
Extreme cold acts on the body like ſo 
many ſmall needles entering its furfzee, at 
fic} only producing a flight itching, then 
a ſmall degree of inflammation, and: ſoon 3 
after, if carried to excels, a total. tops 
page of the circulation, This i irritation 
of cold is felt peculiarly ſevere upon. the 
ſurface of the lungs internally, where 
the. thin covering of the parts is eaſily 
affected, The cold air entering into the 
jungs would be actually inſupportable, : 
but chat a part of the warm air, which was 
= xchind in the former expiration, ſtil 
remains and mixes with the freſh cold air 
a Gen in. However, the continual want 
of perſpiration, the cold cloſing up the 
pores of thi kin, together with the 
continual irritation upon the different 
parts of the body, in a ſhort time pro- 
duce the moſt terrible ſymptoms. The 
1 is the e diſorder of cold 
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2 countries, a diſorder Which, in the arctic 
5 regions, aſſumes, very different appear 
ances from thoſe which we are accuſtomed 
10 ſee in this temperate clit 3 
joints immqveablę, an ulcerated body, 
i the reeth falling, old wounds received 
in t the former part of life breaking; open 
again, theſe and ſeveral ſuch.. terrible 
ſymptoms are. the. eqnfequence., of living 
in an air too cold. for the native of a 
| temperate... climate, to. ſuſtain. . Such as 
85 delire an hiſtory 'of the fatal ſymptoms 
attending t this diſorder, may conſult Ellis's 
voyage to Hudſon” 8 bay, where they, will | 
not only ſee the hiſtory, of the. diſeaſe, 
but alſo the belt methods of prevggting it. 
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wy "Aba too humid | Prodiices a a relaxation 
- in the fibres of anfmals and vegetables. 
The moiſture inſinuating itſelf through 
the pores of the body augments its di- 
menfions. | As the firing of a fiddle 

rows thicker and conſequently ſhorter 
y being moiſtened, ſo do the animal 
fires relaxed by too much humidity, 
77 711 A Pee 
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motives of ee . As 
is therefore dangerous to the 
conſtitution, there has been 3 
of meaſuring the quan 1 
humidity i in the 
we may 
againſt | it, 
called che hygrometer 


method 
atity of 
air, that when known 
guard our bodies or chambers 
This cheap inſtrument is 
or weather-houſe, 


Which i is made merely upon the Principle 
piece of cat-gut lengthening in 
dry weather and contracting in moiſt 


of a 


<3 4 


weather, __ 
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wiſe dee oaths ee owe 


by. moiſture ; $33 Ki: 3 the: e fibres 0 | 
Are; more. rigid,: mil ee vield ſo 
| :t6 the influx of UL id, and 
donſeg eee pro- 
Portion nir eee however, 
ME e myſt. leave; this ſuby | | 


form. is certain; i yi day's, exper 
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rajan 8 Pillar Was was a 1 econd time. rented 
$3.7 * 


4 it) 
by P. gs. ope Jin 


tus, we are told that! the cords 
127 A 218 
ff W's machine e mployed in raiſing it 


Het Fokn#'t too long juſt when the pillar 
Yon DDI . was 


Sen the Fea ler b 
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Feen its cord is ſhorten 


was melt aper. — The machiniſt that” 
directed the whole was at a loſs, till 4 
0 countfyman -tavight Him to ſhorten! the 
y the affuſion of water. However 
true this ſtory may de, the hygrometer E 
wilt mark the 
Humidity of the air, and when' the fame” 
is lengthened it will- denote” its dry-" 
neſs.” The ufual method of m making an 
6 hygrometer i is as follows. * Let 'A B oc 
(See Fig. 44. be the- lower part of a 
twiſted line or cord hanging from 
the height of che room againſt the wall 
or wainſcot. On the wall let there 
be deſeribed a large circle graduated into 
an hundred equal parts, ſuch as KLMN; 
in the centre of this circle is 
pulley turning upon its axis, and bearing 
an index or hand upon it OP. If now 
a cord be put round the pulley, and a 
" ſmall weight or ball ſuſpended at the 
lower end to keep the cord tight, as the 
cord gathers moiſture from the air it will 
become ſhorter, and conſequently turn 
the pulley * and the index riſing 
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1 HE effects E the air, by which ; 
1 I at preſent mean that heteroge- 
neous mixture that. floats on our atmo- 
ſphere, are ſtill. as apparent in the alte- 
rations produced on ſome minerals and 
vegetables as on man. In fact, it is 


moſt likely that all natural corruptions - 


and- alterations proceed from the air 
alone; for if we keep the air from either 
minerals or vegetables by any contri- 
Vance, either by oiling the furfaceg of the 
one, or ſtopping up the others pores cloſe; 
in ſuch caſes neither will metals ruſt, nor 
vegetables putrefy. If the air is kept 
from them, they are ſeen neither to en; 
creaſe or diminiſh, metals ceaſe to change, 
and vegetables to grow or to corrupt. 


FTnosx metals which the air can pene - 
vate, ſuch as _ lead or copper, are ſoon 
touched, 
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thocked; -ruſted, and in a number of 
Fears are corroded; entirely away. On 

the tops of high mountains, where the 
air is not ſo much impreghated with 
foreign materials, things are not ſo apt 
to change. Words written upon the ſand 

or the earth in theſe Places have been 
legible forty years after, and 22 
no 9 50 e or defaced, 


Bor though the air, which i is 4 bel | 
Auid, penetrates iron or copper after a 
ſeries of years, yet in immediate uſe the 
| pores of either give it no admiſſion. 
The air will ' paſs through the pores of 
lead "unleſs the metal is firſt hammered 
upon an anvil. It will not paſs through | 
hard ſtone, nor wax, nor pitch, tiot 
_ rofin, nor tallow, theſe ſubſtances effec 

tually reſiſt its admiſſion; and if veſſels 
ſhould be made of theſe fubſtances, or 
lined with them, they would keep the 
incloſed air which was blown or driven 
into them for ſome years without loſing 
auy part of it. After a long ſeries of 
bead 8 years, 


Nee 


; Weges theſe ſubſtances, and thus con- 
trive 10. own. WOE * 
. 2 NA 
TuEsE 59 the air for a ld _ 
There are other ſubſtances. which 
will ſoon "penetrate. It will beds 
itſelf - through wood, however hard or 
cloſe it may appear. It will paſs through. 
dry parchment, through dry leather, 
paper, or a bladder turned inſide out; 
but if theſe ſubſtances be moiſtened either 
with water or oil, they then become air- 
tight: However, if the air be very much 
rarified, it will not paſs through all ſorts | 
of timber; and if the timber be oiled, it 
will reſiſt the air better than before. 
There are but two ſubſtances that reſiſt 
the air, and confine it without being cor- 
roded by it ; namely,” gold; and vitreous 
or glaſſy bodies, ſuch as gems of an 
| Finds and common e 


tat us now W lee what are che 
effects of air when i it thus aint itſelf - 
"Ver. l. D . = 


| 
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ö 
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1 into the, pores, of * d mixes itſelf 
with them. We. hape already. Gid.chat 

5 the air contained a mi 

7 85 ſubſtances, falts, metals, ſulphurs, and 


rally 3 — wo fe agua forts, 


crumble them be 


a 8. un V. EX * 3 


re of different 


like ; theſe when uniting wich the 


ich is made of à mineral acid, cor- 
a It is got leſs corded in the 


ſpace of - few. years by the acid of the 


air; and the moſt uſual methods of pre; = 
venting this acid; (alt from entering its 


| ſurface, is either to cloſe up the pores of 
the ſurface by giving the iron the higheſt 


poliſh it is capable of bearing, or by 
diling it, which will anſwer till the oil is 


exaporated.; Boerhaave aſſures us, that 
he has ſeen i iron \ bars ſo much corroded 
by the acid of the air, that he could 
between his fingers like 
duſt. As for copper it is ſoon corroded 
by the air, and covered with à green 


ruſt like verdigreaſe, which is no other 


than che acid of he ait mixed with the 7 


| pages of IIS Aa fat lead. tin, and 


cini <4 iwer, 
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alver, chey all contract a ruſt in ikke 
manner. Acoſta informs us, that in 
Peru the air diſſolves lead entirely; and 
we ſee out leaden pipes affixed to houſes 
that have been a long time expoſed, very 
much injured by the corroſion of their. 
Gold is the only metal which we find the 
air will not ruſt or conſume. The only ä 
ſubſtance that conſumes gold is ſea ſalt; 
this ſalt it is almoſt impoſſible to raiſe into 
| the air; or volatilize; as it is called. It is 
not wonderful therefore that the air can- 
not conſume or ruſt” gold, ſince it wants 
the ſalt adapted for this operation; all 
other ſalts are more eaſily volatilized and 
made to ſwim in the air, and therefore 
every other metal finds in the air the ſalt 
adapted to corrode it. In elaboratories, 
however, where aqua regia is made, ſea 
ſalt is volatilized in ſome quantity, and in 
theſe Plies a is «Qually found to ruſt, 


:Im the operations of the chymiſt many 
of the changes of 'bodies are very diffe- 
rent, if they be made in a cloſe or an 

| D 2 open 


36 Sv aver; 0 5 
: open. air... Thus: camphire. -burnt in a 
cloſe veſſel diſſolves all into ſalts; when, 
on the contrary, if the fame proceſs were. 

carried on in the open air, the whole 

would diſſipate into ſmoak. - In the ſame 
. 4 if ſulphur be placed upon an 
plate under a glaſs bell, with the 

edges. cloſe topped, fire being placed 
beneath, the ſulphur will riſe in ſpirits 
round the internal, ſurface of the bell; 
but if by the ſmalleſt opening the air 
Within the bell has à communication 
with the external air, the ſulphur will 
inſtantly take fire, and the whole will be 
conf umed. An ounce of charcoal. in- 
cloſed in a crucible well ſtopped will 
remain in the fire a whole fortnight 
without being conſumed or loſing any of 

its weight; whereas the thouſandth part 
of the ſame fire applied to it in open air 
would have conſumed it entirely. Van 
Helmont adds, that during the whole 
time the charcoal does not even loſe. its 
bhcknefs,” but upon the air's being i intro- 
duced but for A moment, the whole 
„„ E ͤ 
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maſs; tho? black before, falls into white: 
| aſhes. What befalls the charcoal in this 
experiment, will likewiſe be the caſe with 
all other vegetable or animal ſubſtancez 
that are burnt i in the fire in a cloſe veſſel. 
| _ then immediately expoſed to th aur. 

T E air, when impregnated with ths 
vapours of 'a mineral, deſtroys all ſub- 
ſtances that ſuch a mineral would deſtroy. 
Thus, in a place where a mineral ore is 
found in great abundance, the air is im- 
pregnated with a vitriolic acid that cor- 
rodes whatever it touches. In London, 
where there is much coal burnt, and 
where the air is conſequently impreg- 
nated with ſulphur, experiments upon 1 
ſults are very different from what they 
are in an "gs of a different” kind leſs ſul» 
phur For this reaſon, the metal 
_ utenſils are found not to ruſt ſo ſoon, in 
London as in, ſome other parts af the 
kingdom where wood or turf is the only. 
fire uſed in common. For in;theſe latter. 
places the air abounds with corroding 
B's. ſalts, 


F Bit ofthe! — and this: 
my IT res reaſon _— others: at: 


ſalſfle ſubſtances is ill more apparent 

than, what we have yet mentioned. 

Many, of them, which, When the air is, 
kept away, de for a long time under 
the appearance of cryſtals, upon its 
admiſſion extract all its humidity, and, 
melt without. any other liquid added to, 
them. Some u g on the admiſſion e of the, 


15 Top Tnftance, falt of, 5 915 when ex- 
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Wel fa alts. come. ſometigiey fixed... T5 


$28.1 
. el 


IN Tod, viikre the uldeus Alta“ are 
found by experi rience to abound. greatly, 
in the a We dye many colours in 
nnch greater perfection than we can in 
Englan "ak In Guinea," th E heat, joined 
with the” hidintaity, 5 cauſe ſuch putre-" 


ook 


n | ; | faction 
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| ſubſfance, J that th the belt drugs loſe their | 


. 875 5G 141% 7 
virtues in t at bereite Dk.” In the 


ilkand « of Sk. go belonging to Spain, they. 
are obliged, t to 1. fe thar bales LF, day 
them, from: the. moi J 


RE fun todry 
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don "the © clove. trees. 5 che ien d of . 
Te rnati, f which 1 it was full, N in order f 
to ithagce the x price « 'of cloves in Europe, 
this produced ſuch a change i in the air, 
that the iſland” from being extremely 
| Rent, became ſiekly and unhealthful 
to an extreme degree. A phyſician who 
was then upon the ſpot, - affured' Mr. 
50 yie that” theſe diſorders proceeded from 

| ti .npxious| vapours of a volcano, that 
was upon the iſland, and againfhich, in 
all. 7 probability, the vapours perſpired by 
the clove tree were an n antidote. 
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„% A Synvar of 8 
of the W. over terreſtrial bodies. 
Whatever chymical diſſolvents can p 
form, the atmoſphere wilt be found in 


* 
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time do the ſame. For the terreſtrial 
| body will attract from the air thoſe ſub- 


es with which it has the greateſt 


ally; and as firaws are attracted by 
| amber, ſo will the acid and vapours of 
che air by ſubſtances on earth peculiarly 
adapted to receive them ; { that the 


doctrine of attraction is bound to explain 
all the chymical changes i in nature. The 


| very ſeaſons are under its influence; 


whatever, alters the heat of the atmo- 
ſphere, as we obſerved above, alters alſo 


the nature of the air. By this heating pro- 
perty, Boyle ſuppoſes that ſalts and other 


are kept liquefied in air, and 
that being melted oe they act con- 
y. He ſuppoſes, that by cold they 


loſe their Huidity and their motion, that 


they cryſtallize and ſeparate one from the 
other, and by their weight hang cloſe to 
the ſurface of the earth, cling to all ſyb- 


ven are a on Aris ef it 
heterogeneous aſſemblage of bodies 
in our atmoſphere ;. 35 but that fine and 
perfectly tranſpatent ſubſtance the true 
natural air which ſupports them, comes 
next to be taken into conſideration; 3 and 
its fluidity, or the eaſy yielding, of its 
parts, is One of the moſt obvious of its 
properties. The eaſe with which it gives 
way to the ſwifteſt bodies need ſcarce be 
mentioned; ſounds travel through it with 
great rapidity, odours and emanations of 
all kinds find no difficulty in moving 
forward and preſſing aſide its parts to 
make way for their own. Theſe all 
demonſtrate the air to be a moſt yielding 
ſubſtance which gives way, if not pre · . 
vented, to every impreſſion; and this i ic 
but another name for fluidity. This 


fluid 


Nen 
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fluid quality the air never loſes, though it it 
de kept never ſo long im the cloſeſt 

- veſſels, though it be expoſed to the 

greateſt Yiciftades, of; heat. or cojd, or 
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[ le its =, human. force aſſiſted by 
ery Le FO contigucs 5 that 
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If them ag 30 to unt derfland this, it. 9 0 
be negel ary t. 10. know the dim cnſions of 
tho le {mall Parte, ang; alfa. ta, know. their 
mutual a to attract or repel] each 
other. None 0 theſe. howeyer are known 
to 1 us, and therefore the cauſo of the air's. 
flu 17 muſt f L "y remain a ſecret z it ig 
ſy fb dent that Fe. kgow. that it is. a fluid 
1e FPPearance and 2 not the cauſe is all 
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n 6 0 permitted to un 
Carteſius aſtribes its aste ir in ie 
tine motion” in its Parts. But hene 
is even more difficult to be accounted for 
tan fluidity itſelf,” LY greater wonder 
is therefore ſuppoſed i in order to acconnt - 
for a leſs. Boerhaave afcribes the flaidity 
of the air to the Heat of the fut, Which 
keeps it in 4 ſtate of liquefaction; 3 and 
he fuppofes the white atmof Here would 
congeal into one lölid maſs if it were not 
ber ine afſiſtince of the ſun's fife. This 
is olitrary to experience; no degree of 
colt kan in the 16 | 


aft alter the atr's flu- 
iäity, ör unite its patts into the form of 
the ſmalleſt Hd: 1 on the tops. of 
the Kighelv' mdtiritains whe ere-the cold i is 
 preateft, the Alt 18 {to uſe His own ex 

ae moſt Hquefied. Newton's fol- 
lowers have attempted to "explain the 
floidity of the air by means of their 
great. inſttument attraction. The Parts 
which conſtitute the maſs f the air, tay 
e may be luppoſed to be globular, 
N | they 


2 2 therefore, touch. proc 
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in very 
ſmall ſurfaces, as all globes muſt. The 
attraction between two bodies that touch 
will be leſs in ropor ion as the ſurfaces 
that touch, and the quantities of matter 
| in the ing bodies are little. In the 
parts of air therefore, as both are ex- 
tremely mall, the attraction muſt be alſo 
very little, and the parts will conſequently 
be ſeparated from each other with the 
greateſt eaſe. This hypotheſis, however, 
ſuppoſes, what, if denied, can neyer be 
proved; namely, that the parts af the 
air are globular; we do not know of 
what figure the parts af the air conſiſt, 
However, though we: do not certainly 
Know the figure of the parts of che air, 
it is very. poſſible they axe ſpherical or 
| globular ; ; firſt, becauſe: bodies that are. 
of that figure. roll over each other, and 
give the eaſi eſt v way to any impreſſion. 
made upon them; and ſecondly, becauſe. 
the larger parts of ſuch fluids as we can 
vier with a microſcope, | are of a ſpheri-_ 
* . Thus: the parts of mercury 
rf ng 


: Ege Phinbply. 4 
ili og in are all ſpherical, the parts 
of the blood running through a very 
ſmall tranſparent vein are ſpherical, ſo is 
the chyle or that part of our nutriment 
which is going to be turned into blood. i 
Derham having examined with a micro- 
ſcope : a'ray of light paſſing from the ſun 
into a dark room, found that all the Va- 
pours | which danced to and: fro in this 
ray were perfectly globular. If there- 
fore all the groſſer fluids are compoſed of 
ſpherical parts, we may from analogy 
cConclude that more ſubtil fluids are com- 
poſed of the ſame. But notwithſtanding 
this ſimilitude, we muſt conſider the air 
as a very different kind of fluid from 
water, oils, mercury, or ſuch ſubſtances 
which are called peculiarly liquids. © All 
the parts of liquids we find, when in 
any quantity, ſunk with a level ſurface; 
but the air, for aught we know, . 
no ſuch ſurface. 


or chough the air differs from other 
fluids in ſeveral properties, which we 


| Ade ia ie She it grell in ah nds 
of directions with equal force; that is, 
ſuppe e 1 ſhould confine air in a bladder, 


1 nſlgall parts of the ſides: of 
the bladder with equal force, and, if the 
air be continued to, be driven in, it will 
burſt that part of the bladder Which is 
weakeſt, That the air, preſſes; with, as 
much force any one way as another, that 
it * t rn, dowaward, de ways, 
force, may "a concluded — an experi- 
ment of Mr. Mariotte. He took a. long 
bottle with a ſmall hole towards the 
middle of its ſide. This bottle being 
filled with water, the hole being in the 
mean time cloſed with the fmger, a glaſs 
tube open at both ends was dipped. into 
its mouth, ſo that the lower end of the 
tube came below the little hole on the ſide. 
The mouth of the bottle was then well 
cloſed round the tube with wax, ſo that 
no air could enter that way. This being 
done, water was poured into the tube to 
Aa 5 


Habib. 47 


fill 4605 and e finger was taken from 
the hole on f 5 fie. Af with a finger in 
the mean time the tap of the tube were 
topped, and the ſide hole thus left open, 
no water. would pour through the fide 
hole. at all for Want of vent at top, as 
the vulgar. expreſs it. But bath holes 
being left open at tc and ſide,. the effects 
that followed were.theſe. The water ran, 
out of the ſide, ee the tube 
to below che level of the hole, and the 
reſt of the bottle remained full. No 


from this it appears, that the perpen- 
dicular preſſure of the air through the 


tube is but juſt equal to the lateral preſ- 
ſure through the hole. For if it exceed- 
ed, then the whole of the water would, 
be driven through the hole on the ſide, 
which however is by no means the caſe, 
for the air upon the fide hole preſſes as 
forcibly as that which comes down the 
perpendicular opening of the tube, agd 
therefore the air preſſes * in all 
| directions. 
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ec | ly for mankind, 
it matters not wh theſe conjectures | 
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commonly imagined. We have number 
leſs proofs of its weight, many of which 
though: the ancients could eſtimate as 


5 ſomething different from earthly matter, 
and therefore they conſidered it as want- 


ing material ponderoſity. The uſage of 


an undefined name thus ſatisfied all their; 
curioſity. However all material - ſub-. 
ſtances, of; which air is one, have 
weight; like other bodies it falls to the 
earth, and is more denſe as it approaches 
its center. All people know that air on 
the tops of high mountains is much 
rarer and thinner than it is below in the 
valley; if they ſhould doubt it, the dif- 

Vor. Il. e ference 


made uſe of i in ee 
fation,. yet it is much heavier than is 


well as we, yet they conſidered it as 4 
ſubſtance totally void of gravity, and 
called it an element. An element was 
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—— they | ill find i in 8 cheir 
breath in the different places will clearly 


convince them. As they go up a very 
| high mauntain their: breathing becomes 
quicker, the atmoſphere becomes clearer, 
neither clouds nor vapours are able to 
riſe to ſuch heights, and therefore as he 
aſcends! the wires leaves the tempeſt 
clow him. Ulloa, 

was went to o take the 2 — 
upon the Andes in Peru, which are the 
higheſt mountains in the world, tells us, 
that when clouds gathered below the 
mountain s brow while he ſtood on the 
top, they ſeemed like a tempeſtuous 
ocean all daſhing and foaming below 
him, here and there lightnings breaking 
through the waves, and ſometimes two 
or three ſuns reflected from its boſom. 
In the mean time he enjoyed a cloudleſs 
An ſerene ſky, and left the war of the 
elements to the unphiloſophical mortals 
on the Plain below n. Pt 


| Sven; appearances a6 "IN 8 which 
the ancients were as well acquainted as 
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we, have 1as the 
air as having weight; but they were ok 
at r time acquainte 4 with a m achin 

ſerves to diſcover its weight by 
roofs wk beiter calciilated for con- 
viction than thoſe brought from untried 
: nature. The machine 1 mean by which 


we io plaidly diſcover the weight of the 


air, is the air-pump. For the firſt in- 
vention of this 


countryman Boyle who turned it to real 
uſes, it was he who: improved it, and 


: applied i it to philoſophical purpoſes. In 


the hands of Gueric it was a mechanical 


inſtrument; in hole of Boyle it was 

a truly philoſophical machine. By this 
n e eaſe empty a glaſs 
veſſel of its Air; and put what bodies into 
it we think fit. Thus comparing the 


changes wrought upon bodies by being 
| kept from air, with the ſame budies when 


expoſed. to air, we come to a knowledge 
of tlie effects of air en in 
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n wconkids the 


| the world i 18 indebted to 
Otho Gueric, 1 a German; but it was our 
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6 Fig. 2 255 Place, the large glaſs 
or veſſel receiver M with: Its mouth down- 
Wards upon the leather, fat FA the hole 7 1 in 

the plate may be Within las. 2 Then 
turning the handle 4 "backwatd' and for- 

ward, the air wilt be pümped Güt of the 
5 1trivance of the mecha+ 


deſtribe. 2 As the Hand 


more at large {Big 460) 10 tür tied „ 
iſes tar Saarn d e 

Glow barrel B K by means of 
hed es 'F engraining in the 


% 


D. and a8 the pifton or 
ſnoker is leithered 10 tight as 40 ft the 

7 bartel exatftly, no air can get between 
this piſton! and the barrel, and therefore 
all the air above 43 in the barrel is lifted: 
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ap towart 10 B, 4505 a — in he 
barrel from eto Be upon which part of 
the air in the glaſs M (Fig. 47.) by its 
15 Tay wiſhes through the hole 7 in the 
braſs" plate LL along the pipe G G., 
which communicates with both barrels 
by the hollow trunk I H K, and puſhing 
up the valve & (a valve is a bit of leather 
that covers a hole as the flapper of a 
bellows; admitting the air in; but luffer- 
ing none to go back) puſhing up the 
valve, I ſay, the air enters inte the 
vacuity 6e of the barrel B K. For the 
air will naturally preſs into thoſe places 
where it isJeaft reſiſted. All this is done 
by drawing the handle towards D. Now 
then turning the handle forward the con 
trary way towards C, che piſton 4 e is 
depreſſed in the barrel, and as the air 
which had got into the barrel eannot be 
puſhed back through the valve 4, for the 
valve cloſes like the flapper of a bellows, 
and will not let the air back the way 
it came, the air muſt therefore aſcend 
through an i hole i in the piſton, and eſcapes | 
BEE ky 5 | ha 


the hole i and pipe GG 
into the barrels, until at laſt the air in 
reciver c comes to be ſo much 
2 chat it can no Nger through 
valves, and then no more can be 
n out of the receiver. From which 
pee there is no ſuch thing as 
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— yelelanecd. ait-pamp... Some infiry- 
ments at firſt onttivedt only for e 
decome at laſt hy frequent uſe 
a part of the ſcience itſelf, and demand 
an equal explanation. Such is the eaſe 
with this; 5 and the reader muſt pardon 
in the deſcription. | There 
is à cock # below tlic plate L La which 
being turned, lets air into the receiver 
again. There is a glaſt tube In n open 
at both ende, and about thi 
inches long, the upper end commuͥ 
cating with the hole in the yang 
and the lower end immerſed im quie 
at „ in the veſſel N. To this tul 
is fitted à wooden ruler m n, divided into 
inches arid parts of an ineh from the 
battom at z, Where it iy upon a level 


E 4 with 
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; weight « of the 
„ reſſing 
the veſſel. 
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without; x mene the flat Elks, will 
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7 break it all to 
air's w N eight paſt all 95005 we can a 
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weigh it in a balance, and it is chere | 
found hea y. . £ SY * tbo 
e pt map yon of + 1 $530 
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parte dmiſſion of 
the air become heavier and _ 
derate, If the flaſk; holds a+ quart, it 
n he .Fqund.that;xhe; weight, of the air 
ut ſeventeen 5 e I 
above e it was When quite empty, ſo | 


a quart. .of air! weighed upon an - 
average | 
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| weight of ſuch a pillar, how extragydi> 
| ; nary” ſoever it may ſeem, can be deter- 


1 miled*with- the nivdſÞ-precifion. ' We 
mentioned n now with what extreme 


| io d. Ki i evident 2 5 
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2 * 


pref ants Wy cakes! of the! ack 
3 _ * there were air in 
Mick . within the whe adhs bar 
55 no air at all, as was ſaid, within 
| C 
experiment; ſo that in ſhort all the air 
will preſi upon the quickſilver on the out- 
fide of the tube, and none upon that 
within. therefore, as it has 
great 8 will grefs the external ſur= 
face of the quickſilver, all over, and 
l drive it up into the hollow of the-tube, 
where there i is no preſſure from air at all. 
As if I preſſed down. the palm of my 
hand upon water, the water would riſe 
up between the interſtices of my fingers 
; where the preffure was leaſt : By means 
of this preſſure of the heavy air upon 
the quickſilver, the quickſilver wil 
driven up into the tube, and riſe i in 17, 
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the. tube be long enough, about twenty- 
pine i inches and an half high. 
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A Pile :of air therefore that reaghes to 
"a greateſt h 
Jllar* of quitkfilyer roof the baſs 
ter "har daes lifes pen twen it 
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elt p 
ean raiſe i it no more, 2 — raiſed then 
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We may there- 
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4 2 its 


bt bt 


uch, 3 2 and. 


we can eaſily eſtimate, and 1 conſequently. 
Meaſure the weight of the atmoſſ 
but firſt let us mention another c 


fimilar to ay of the quickſilver, 


here; 
184 
which 
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* * — 
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Kr s th Any went * ebe Ml als 
alf from a veſſel more than' "thirtystwo 
feet high, and ſtopping one end, ſet the 
other i in water; "the water will riſe thirty- 


two feet within the 1 
for the weight of the air will preſs upon 
the ſurface of the external water as it 


did before upon the ſurface of the quick- 5 


ſilver, and preſs up the one as well as 
the other with all its weight. A pillar 
of water of thirty-two: feet high juſt 


weighs equally. with" a pillar of quick- 


: 
* 
— 
& 


eſſel and no higher, 


ſrlver twenty- nine inches; the air there- 
fore preſſes up that thixty- two feet, as it 


preſſed up this twenty-nine inches. 


The weight therefore of a pillar of the 
atmoſphere is equal, to either a pillar of 
quickſilber twenty tine inches high, or 


to a pillar of water thirty- two feet high; 
it is equal to either, for K are e to 
each other. | 
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I ſhall mention an obvious experiment” 
to this purpoſe, which the ſtudent can 
= into practice without any apparatus 
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| W as we have ſaid del. 


4 Sava 2 


while at tea. Some Vater being . ured 
into a ſaucer, let him burn aba of. Paper 


— ' a tra- cup, which will drive the air 


out, and make a vacuum in the cup. 
Then while the paper is yet burning, let 
him turn it down: payer and all into he 
ſaucer, and the air, without will preſs. 


| the water up from. the faucer Into. the 


The water will, ſtand within. the 
coins colmnny ant if the, cop was. 


| thirty-two feet high, and the air within 


it perfectly exhauſted, the water would 


Ix what has bn aid is well . 


0 ſtood. the ſtudent will be at no loſs to 
account for the riſing of water in pumps, 


or the Faneing of the quickGilyer in the 


vg PUMP. is 55 an of 0 8955 | 


utility, that its conſtruction muſt be 


deſeribed before we proceed. It is uſed 
as we all know for raiſing water from 
* W. and thus faving the an, 


. we 4 


7 5 into 185 well ourſelves to.raiſe it. 
The whole, machine is formed upon this 
iple, that the air will preſs up a 
column af water thirty-tyo, fpet high 


hg a. tube or. pipe in which there is no - 


air. The air is drawn out. of the tube 
3 ſucker, and the water fol- 
lows it. The tube ABI (See Fig. 48.) 
which, we will ſuppoſe. is. made af glaſs, 
repreſents. the pump, or purzprſtichy, as 
it is vulgariy called. In this there is a 
piſton D G. which we can puſh up and 
_ down like the handle of a ſyringe, ora 
churn... This piſton is, leathered round 
at G ſo as to fit the bore exactly, with- 
out ſuffering any air to come between it 


and the tube or pump-ſtick. Now then 


hold the machine thus conſtructed up- 
right in the veſſel of water K, the water 
being deep enough to riſe at leaſt as high 
as from A to L. The valve 4 is fixed 
within the moveable piſton G, and the 
valve 6 on the fixed box H, which quite 
| fills the bore of the Pipe or barrel at H. 
Theſe 


es back, the cloſer | 

Now then the work bet in: | 
-- ade bete E tlie piſton which was firſt 
5 at B is dratyn up to C, and this will make 


| | the air in the pump below "the 
1 | -Uilate itſelf, and therefore it 
* t than the air on the 
Eo. cats of the pump barrel, and the out- 


34 a nl e preſs up 


4 | 

= E che water Ace the - noted foot 
=_ — into che lower pix about as. far as 
3 „ THIgG will contract the "ratefled Nie ki 
l 4: . : pO 2185 et. een e and 124 into a ſmaller 
1 compass, and thus it will become as 
l IE. heavy as it was in the beginning. As 
| its weight or rather ſpring therefore” be- 
= 58 comes as great as that of the outward 
| | | air, the outward” air can preſs the water 
© At this time no higher than e, and the 
gl OO OE 5 valve 


ponime cal Edle. bg 
valyeÞ, fied. was: nailed a Hille by 
hir'shiſing through it, will again ffll 
back ind faphe hole; in the beo H, the 
ſurface of the water ſtandingat ec Then 
the piſtan is depreſſed from to B, and 
a5 the air in the purt B cannot get back = 
again through the valve 5, it will, as 
| the piſton n raiſe che valve 4. and 


of tlie buen 8 e the We Bit 
upon raiſing the p 
the air between it and the water, in the 


2 


lower pipe at e, will be again left at 
liberty to fill a larger ſpace; ' arid ſo its 


ght being thus diminiſhed again, 


the; preflure of the outward air on the - 


Water in the veſſel K will force! more 
watet up into the lower pipe from e to 

. aud when the piſſon is at its greateſt 
height O, the lower valve b will fall back, 
and ſtop the hole in the box H, as be- 


fore, At the third lifting up of the 
piſton; the water will riſe through the 


| box H towards B, and then the valve by 
which! was raifed byit, willfall back when 
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the ben 8 is. at its 


F water e , back 
 thvugh, the valve z, which 'keeps.cloſe 
upon the hole whilſt the piſton deſcends. 
Upon raiſing the piſton the fourth time, 
d | preſſure of the ait will force 
the water op | 22h Ju sh H, ee it; pul 
©: Un the e the * 
ſton, it will force down into che water 
in the barrel-B, arid as the water cannot 
de driven back through the val 

dloſes it will raiſe the valve a in thepiion 
25 this is driven down, and it will alſo be 
. lifted up with the piſton when that is 
raiſed nent; for the valve @ will not 
permit it 10 go back again. And now 
the whole ſpace below the piſton being 
full of water, a8 it is alternately raiſed 
and depreſſed; the water win riſe 7 

Its valve, but cannot deſcend by it; for 


1 eloſes the firmer the more theiwater 


__-puſhes back. Therefore, as the piſton 
continues to work, freſh water will con- 
5 5 ; ele, ünually 


_aperimonta 7 blue. 67 


3 n 


enuelly get up. through” it, and * none 


getting down, it muſt neceſlirily run 
Pp throu) y the pipe F. And 


out at te 
thus, y continuing to raiſe and depref 
the piſton, more water ſtill will be 


raiſed, which getting over the pipe F 


into the wide top I, will ſupply the pipe, 


and make it run with an uninterrupted: | 
fiream. So then at every time the piſton 


is raiſed, the valve b riſes, and the valve 


a falls; and at every time the piſton 1 W-.- 


deprefled, the valve 5 falls, and the yalve 


a riſes. By this contrivance it is, that 


water is taiſed in our -uſual pumps (for 
| there. are other kinds of pumps which we 
ſhall examine at another time) and if the 


exhauſted tube in which it riſes be thirty- ; 
two feet high, the water will aſcend to 


that height, and nohigher; for the air on 


the outward ſurface of the water can 
preſs it down only with a weight equal 


to a 85 of water e oo! feet high. 


war we have now ſeen with re⸗ 
gard to Pumpe we may every day ſee 
8 Prace 


34 Seon⁰v 7 5 


P in a ſmaller degree by the com- 
mon 9 eo; if one, of its ends be put 
5 drawn . 


. . 
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E Ahle er, at ihe b 
ſembling that of the ringe; for he 
child ſwallows, the. air in his mouth, 


4 


3 I then ſtops its | entrance, into the. mouth 
=—Y , the noſtrils, and. then ſqueezes. the 
nipple between his li „ ſo that no air 


at + 11 


Mm can come that wa 


: 2 7 EIn 


vdid i in the mouth, and the external a air 


| Preſſing , upon the, mother's | breaft, 
ſqueezes the milk into the infant's 
mouth, and by this means it finds the 


nouriſhment t proper for.i its ſupport. 7. 
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Cy PING: GLASS maybe K plained 
upon the ſame principle. That part of 
the body, under. the mouth of the glaſs 

a8 0 preſlure ffs Air r upon it ; For the 


air 


caſt re 
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A: 1 ets! ee in nature ate 


perfe A wo was ſaid, by the weight of 
the alk f c g the fluids, into places 
Where e ther re 923 "no. dir, nor any other 


ili 291.911 


Tel iſtance dec. ; Bur thought theſe truths are 
nom 46 Eg as they are aſtoniſhing, | 
| vet for m mA ny 2886s the cauſes. of the a- 
ee nding water in dumps was utterly 

ces Phi toter y s were, content 
en a thinking, er Ky | iſtotle, and his opi- 


11 


was, that nature hated a void or 
bee and therefore made all pol- 5 
e 


„ ak & tt; 


: fible orts to fill it when a the : art. of man 
had made © 1 ode. 2 All. this may be very 
true; but we want to know, why na- 

. ture hates his void? And here their 
2 philoſ phy. was puzzled... Torricelli 

ok the, firſt who phage fs to ex- 
g plain, as we have ſeen, why nature made 
: haſte to fill up this void. An accidental 


F 3 . experi- 
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| ſilver, and then fixed this tube Uh fr 
open end in a tub filled with the fame: 


th Suarz * . 
experiment put bim into che right 1 to- 


6 wards thediſcows 71 , Having filled 2 tube; 


Which Was ſtopt at one. end, with g 


5 
. 


the. quickſilver in the tube be did nat all 
deſcend i into the tyb, but flood 3 in the tube 


at the hei ight .of twenty-nine inches and 
an half. This experiment was ſoon com- 
municated to the Reden of Europe; : the 


genius of the times all over Europe way 


then employed in queſt of *new adven- 


"tures; 3 Boyle, Paſchal, and Riccioli, ſet 
themſelves to conſider this new phæ- 


nomenon; and this led them to the 


following concluſions. Water riſes in a 
void thirty-two feet high, 38 we. have 


for ages ſeen in pumps; quickfilver 
ſtands twenty-nine inches high, as we ſee 


in this new experiment; a pillar of the 


one weighs exactly as much as a pillar 


pf the other; the aſcent of both there= 
fore muſt be aſcribed to one and the fame 


_ -cauſe; And why. may not this cauſe be 


ent hs Ks N * a pe of air? 
0 | 


was enough, and indeed fully ſuffelent 


pe rimentu. Philiſoply. * 
Aud f the prefſure of 3 — air 
were taken away, would the quick - 
ſilver then ſtand in the tube? Let the 
Torrieellian tube, veſſel, quickſilver, and 
all, be placed under the glaſs of the air 
pump, and let the weight of the air be 
taken away from the quickſilver. It will 
then be found to ſtand no longer ſuſpend- 
ed in the tube, but will ſink down to 
the ſame level with the reſt of the quick 
ſilver in the veſſel in which it is placed This | 


to convince them, they purſued the track 
of light as it led, and at length they de- 
duced 4 theory of ae am . 

1 e W N 
WV FREY wks _ apo the nine 
of the earth, faid they, reſemble fiſtics at 
the bottom of the ocean: He: them we ate 
envelopedin #flaid' of air, -which riſes far 
above our hende, an ocean of atmoſphrti 
which while on carth/we'cannot/quit? 
This atmoſphere ſurrotinds” bur whole 
earth enveloping the 
ws earth 


1 0 SALT e 
enn non Gery ſifle. Let us ſuppoſe the 
tops of the: higheſt mountains thruſting 

upi;their heads through this great fluid 

lixe rocks i the, on that ſalttioſt viſe 
to but not quite ſo highlas the ſui - 
fade As the parts ef this ambient 
x atmoſphere are alb heavy, they preſs 
down one upon another and thoſe 
parts that areildweſt will ſuffer the great- 


eſt preſſure; as they have th greateſt 


nutiber of parts above proſſing them 


= down: The lower vallies will, therefore, 


ſuffer greater preſſure from thei atmo- 
ſphere than the higher mountains; Let 
then the Torritellian tube be brought 
into a low valley: here the preſſuxe up- 
on the quickſilyer will be greateſt, and 
it will riſe aboye txentyrninę inches and 
ap half. Let it be now brought up to the 
top of an high mountain; here. the preſ⸗ 
ſure, will her leaſt, and it will ſink down, 
roportiqnably. On the ſummit of .Snow-+ 
201 chill, Dr., Halley, found; the baro-- 
meier above three degrees lower than at 
the bottom. * the, e of an Al-, 
17105 3 Pine 


banken Fah. 75 
en nie Abbe Noller found it 
a quarter leſi high than om the plains/of 
Piedmont. Thus therefore the tube of 
Torricelli, by the quickſilver riſing or 
falling, will ſerve very RN. 4 to mea- 
ſure the en ee HN 
8 10 21716: 11 br i bod of) gail no r 
As che wielklse in the tube ſome· 
times in the ſame place ſtande an ine or 
two higher, and ſometimes ſeveral inches 
lower; than twenty: nine inches and an 

half, it is very plain, that che air ig ſome- 
times heavier utid ſometirnes! lighter? 
that when heavideg3inipebMoyigg the 
quickſilver above twentyrnine inches; 
when lighter, the quiekſilver offering I 
leſs preſſure riſes not\ſo-high, ht ant 
aft llis/ du odt ni 1 UNE Hurt 
TER tube therefbre Will exactly de- 
termine theſe variations, ant its heights 
Will alter with every change. This in- 
| Birument was: firſt called theiTorricellian 


Tube; but being now made uſe of fob 

meaſuring the alte tations and weight * 

105 air, it is lol inhe Bafpmeter, or 
Woaather- 
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| haps. the boſt method of -caakirig che ba- 


— TWP The fanpleſt RY per- 


nometer id thus: a glaſs. tube, af about 
thirty-five inclics, hermetically ſealed at 
one end, is to be filled with quickſilver. 


Hermetically ſealing glaſs is no more 
than holding the end in the flame of a 
candle, or fire, until che glaſs ſoftens, 
and then pwiſting it round, ſo as quite 
to claſe up che orifice; and filled with 


gquickfilyer well purged of ite air, which 
it may be by boi the quickſilver ici 
water. The fiager being then placed on 


the open. end, this end is ſet into a baſon 


pared mercury. Then 
vpon removing. the finger, the mercury 


in the baſon will join with that in 


the tube, and that in the tube will ſink 


down! wy | about / twenty-nine "inches 


„ one time with another. 
Inſtead of a baſon at the bottom, tire 
lower end is uſually turned up, and 
dilated into a fort of cup, containing 
a quantity of quickſilver; upon Which 


the air 5 and ſo drives it up along 


the 


* ” 


pon kann 


| 28 
the bend of the tube to the uſual beight, 
This. tube thus fitted and filled. in then 
faſtened to a board, which has the inches 
marked upen it; and towards the top 
thoſe, inches ars divided into their parts, 
in order to meaſure the rifing and falling 
the quickſilver more preciſely. (Nallet, 
fs 255 i plate 5.) s bafv5Bs 


Irs: no cafy PA TINA Vi a . 
meter which ſhall vary with the minute 
variations of the weather, for thereareſe- 
veral requiſites which muſt be attended to 
for this purpoſe. The tube muſt, in the 
- firſt place, be of an equal bore from top to 
bottom, which few glaſetubes are found to 
be. The mercury muſt be perſectly free 
from air, which it ſeldom is. Th muſt 
be no wider in warm weather than i in 
cold, Which is impoſſible. Theſe and 
ſome other incanveniencies have induced 
artiſts to try other methods of making 
-barometers ; they have employed diffe- 
** guide, ſuch as Wirt o of wine, water, 


oil, 
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Au inſtri ee be l ih 


ner Will pretty nearly ſerve to meaſtire 


the weight of the atmoſphere; it will not 


_ preciſely meaſure its weight, becauſe it is | 
affected alſo by anothiet property of the 


air, namely, its elaſticity or ſpring, as 
we ſhall ſce in its proper place. By his 
instrument we learn thatthe air is hang - 
ing zun weight coitivitalty, being Winde. 
ricmesmoreHheavy; me times tire light; | 
but upon an average its weight (and r 
together) rare able to preſs up à Pillar f 


. e cwenty-hine iftehke and an 


zb, or 4 pillar o water Thirty 
thn fig. M0019 Ty f Tai is mot 


4 13 1511483 #4 1118 F/ 111 <a 77, on 91 


Tun atinoſphere thus prefilng down 
| WEL ſutface of the earth envelopes 


NN bodies upon its ſurface, and preſſes 
them together. The whole earth may 


b-confered to ſuffer * preſ- 


oro 


Expefimeuiu / Phils Reply. 77 
ſüre froin the atmofplere, as if t Were 
prefied on every ſide by water thirty- 
three fret deep; ad alb that are upon 
the-carth's ſurfurxe are as mut preſſed 
on every ſide as we would be, if inſtead 
of an aĩry atmoſphefe we hed an atmo⸗- 
ſphere of water, Rke fiſhes, t 
feet above our heads The weight of 
ſuch an atmoſphere of water can be eafily 
calculated. A cubic foot of water we 
Fill fuppoſe to weigh 60 pou! 4 33 
feet nen 33 times 60, chat is tc 
Suppoſe 1 middle-fized mai 
he furt bl Wor? 1 14 feet ſquare,” he 

will fuſtain 14 fimes 1980 Pounds ok 
0 water; that is 274726 Pounds. If 4 man 
fuſtains ſo much, wh is but 14 feet 
ſquare, how much weight of atmoſphere 
will not the Whole earth fuſtain, Whien 

hath a ſurface of more than two millions 

of ſquare miles? The ftudent with His 
multiplication table ean readily anſwer 
the "queſtion, Fhus, whether the earth 
ſuſtains a weight of water 'thirty*three 
feet high, or an airy] atmoſpheie equal 
71984 ---- in 
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dard by which 40 meaſure their vari- 
ations ; we cannot perceive the weight 


| : of the air, becauſe we have always felt 
YH | its weight, and cannot remove from its 
"EF No one part of the body can 


be diſturbed by its preſſure, for it lays 


3 ; | | he load equally upon all, Beſides this, 


there 
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Experimental Philoſophy. 79 
mere is air wirhin the body, which ſerves = 
6 —_ 
aninui een en 5 
from the air as oold inanimate ſubſtances 
are found to ſuſtain. In ſhort, to uſe the 
words of Borelli, ſince by che air's preſ- ab... 
| ſure none of the parts of our bodies can 
5 ſuffer either ſeparation, or luxation, or 
contuſion, nor any other change, it is im- 
poſfible that this N can ꝓrodu | 
en | 0 1 ME. » q 


3 * 
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. Tito adorn FOR can do a0/ivjoiy ” 
ogy the animal frame, we find it by 
experience of infinite utility. By it the 
parts of our bodies are kept compactiy 
together, by it the fluids in our veſſels 
are prevented from burſting their ca- 
nals. Travellers, in aſcending high 
mountains, feel the want of this preſfure, 


to AIR they Were accuſtomed in the 
valley; 2 


luaſſitude upon them eee of 
| pc neſlels, nd at laſt he blood beginkto 
hrough'the fine coats of the lungs, 
bey, i blood. The ſame thing is 
ſeen in other animals under the glaſa re- 
7C of an air. pump: in proportion. a8 
dhe air in exhauſted, they, pant, ſwell, vo- 
rag generally are unable 0 

N eee eee to 8b 
(2&3 B49; 7 0 10004 ˙ 1 FRO +060; „ 90m 924} 
Non is the preſſure of 4 atinoſpliere 7 
les viceable in forcing. the parts 
which fly from bodies upon our ſenſe 
| either of taſting or ſmelling. The ain in 
a manner forces them down by preſſure 
upon the nerves that ſerve thoſe ſenſes: 
for this reuſon it is, that upon the tops 
of: the higheſt mountains, * Peak of 
- Teneriff, for 4 ' inſtance) the ſubſtances 
which have the ſtrongeſt and | moſt pun- 
gent taſte, ſuch as pepper, ginger, ſalt, 
and ſpirit of wine, are there almoſt .inſi- 
pid: there perfumes loſe their odour, 
and aſſafcetida its ſcents This ariſes from 
alt pa ; the 
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being i injurious, is our g 
nd aſſiſtant: when it pooh Wein er "i 
ſpirits are found to be oak when by in 


OS 8 = 


g down it 


moſphere is then alw ._ * * 
and yet thete are few- | VB 
dun wenthter, When the fm =_ 
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© water riſes i 


18 1 ro 


that property, which thi 
Har only to itſelf, of yielding to preſſure 
on every fide, and then upon the preſ- | 


's being taken away, ſpringing out to | 


its former dimenſions. Water, 


ro which, is a fluid, 5 may en 
| fd inp ſnl been 


mer — PAY Ain is the 3 fluid we 
know that can be preſſed into a ſmaller 


hell. And gs the air may be 
ne n 
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air is too ſtrong for the ſides; and 
2 ider 3 u 


4 
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2 aeg 2 


Nis 


aer out again to its former 
120 hape: a. watch ſpring, when 
the eme that keeps it coiled is 
flies out to its'former length. But 
different with a bladder of air: 
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ter what theſe = parts abu 6 ( P Dar 


kev rung — e 
5 one. another, with, great ſtrength, e 
& « take up a million times more ſpace than 
they did before in the form een 
« body.” This vaſt contraQion and —& 
panſion ſeem unintelligible, . by feign , 5 7 
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"Few or our Dake is: be 
much, as to fill a ſpace four thouſand 
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ter and Wen bhlkrting hoc bbeb tits 
it teck ts diſengage itlelf. Fotitenelle 
alſures us; thit humidity in fome itiea“ 
ſure deſttvys the elaſticity of the alk füt 
& time; but thou whe teſtituony rt 
theſe natutaliſts ma be cotittbverted, 
yet that of Hales mut todfltm tis In the = 
cdpinion: for he deprived the alf of its 
elafficity by the fumes of ſulphlur, and 
perhaps there are many flatural exfis- . 
lations which produce the fame effect, 
#tid therefote; wllen the alt attives at 4 
certain Height, it may cealt to expatt; 
and ſo terminate tue ities of dur 4 


webe 


A5 the air is chüs capable of the RW” 
elaſtic expaiiſion; is it alſo of beilig 
Preffed into a ſarall com pA. How far 
this pfeſſure may reach, or what is the 
fmalleſt poffible degree to which à Cer- 
tain quantity of ait may be refiiced, has 
not yet been! welk dlcertattied, Halley 
aflures us, from Kis own e&perin 
and thoſe of the academy of Eimento, 

Vol. II. * that 
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; that the air may be reduced. into a ſpace * 

= eight hundred times leſs' than what it 
poſſeſſed before in common. Halley, 
however, has gone much farther than 
this: by mear 8, "OE... freezing it, when 
mixed with watt A an iron ball, he re- 
duced the air into a volume eighteen 
hundred times leſs than 1 it had before: ſo 

that we ſee by this means air was con- 
denſed i into a ſubſtance twice as heavy as 
water, a thing which may excite ſurpriſe. 


Upon this ſuſceptibility of condenſation 

in the air, and its ſurpriſing: power of ex- 
panſion, when preſſure is removed, has 
the air gun been contrived : an inſtru- 

| ment by which balls are ſhot off with 

the force even of a cannon, by the 

ſpring of the air only, and which, with- 
out making any report, carry the moſt 

| ure deſtruction. The common air- 
gun is made of braſs, and has two bar- 
tels. The middle barrel KA (ſee fig. 

- 50.) from which the bullets are ſhot, 
and the larger outſide barrel, cloſed 

up. at the end. aD; and in this the 


: 'x 8 
5 * — he h * # * . , 


Ar is kde and kept 8 by 
means of a fringe M, which drives the 
air in, but ſuffers none to go back, This 


ſyrin ge” -havin; 8 b e rorked for ſome 
time, the air is acumulated in great 


| quantities in the ex um barrel, and 


this air may be made to ſtrike upon the 


ball K by means of the trigger O, which 


pulls back the ſpiral R, and this ſpiral 


opens a valve behind the ball“ When 


the valve is open, the air condenſed iti 


the outward barrel ruſhes in behind the 
ball, and drives it out with great viol 
lence, ſo great, that at twenty-ſix yards 
diſtance it would drive through an oak 
board half an inch thiek If the valve 
behind K be mut ſuddenty, one charge 


of condenſed air may make ſeveral diſ- 


charges of bullets. The little pellet guns 
in the hands of children ſhew alſo the 
force and ſpring of tlie air; for one pet- 
let topping the mouth of the gun at one 


end, and another being driven in at the 


oppoſite end, the air contained in the 


bore of the gun between each pellet is 
TO. 03 - _ 


9 
3 


ta drive the 


ir gun, howe e , 


we axe vulgarly told of ſome men killing 


0 8 I SonvEy 6. 
continually condenſing, a8. th hinder 


pellet is driven towards the foremoſt, 
till at laſt the ſpring becomes ſo great a 
foregaght pellet forward with 
e noiſe and 13 Once. In the large 

dhe noiſe is by no 
means ſo great: upon its diſcharge no- 
thing is heard * ſort of a ruſhing 
wind; and it is very poſſible, that hat 


others by loading their piſtols with dumb 
powder, might have proceeded from the 
Hows effects of the a gun, 0 


4 1 but as; ata | 


Kniolity, and ſametimes. of miſchief; but 


upon the expanſive ſpring of the air it ; 1 
that the fire-engine has been formed, a 


machine of the utmoſt benefit to man 
Find in one of the moſt terrible ſituations. 

This is uſed for extinguiſhing fires ; for 
. * means of the ſpring of the air, which 
— is Purted out 8 a pipe to an 
: | em houſe; 


for 
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in a continued ſtream not meh higher; 
its parts feparating, and the whole divid- 
ing into the ſmalleſt; drops. That the me. 


chaniſm of des or Newſham's 
engine, for he was the inventor, maß 
be underſtood, we muft have recourſe 

to the machine in its ſiapleſt ſtaes 


namely, the forcing: pump, as it is 
called. Let us ſuppoſe a common 
—— ſuch' as we have already 
deſeribed,, DA (fee fig. Fr. Mraiſiug its 


water through the box H, upon lifting 


up the piſton D. But the piſton of 
the forcing pump differs from that of the 
through it at d, as the other has: fo 
that it wilt not permit the water in the 


- when it is depreſſed to B. Therefore 
the water between the piſton g and the 
box H can get neither up nor down, 
neither through the piſton as it is not 


perforated; nor back through the box 


1 for the valve chere ceſed aguinſt it; 
; H FI but 


for water, 46 we ſhalt ſes, can be foreed = 


barrel BC. by any means to get above it 
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ol * 3 — 


e 


be: 
f 75 


| ro yy Sor wy ENT 1 
but it has a free paſſage n by the " 
hole mn into the pipe M M, and this 
way it goes till it aſcends into the air 
veſſel KK, up through the pipe at L. 
As it enters at P, there is a valve a, 
which permits it readily to enter, but 
never ſuffers any to get back. The wa- 
ter then being thus forced into the air 
veſſel KK, by repeated ſtrokeg of the 
| piſton, it riſes above the lower end of 
the pipe GHI, and then begins to preſs 
the air in We veſſel KK into a narrower 
compaſs, and thus condenſing i it encreaſes 
its ſpring. - For the air has no way to 
get out, of this veſſel, the only open- 
ing it had was through the hole I at the 
bottom of the tube, and this is now co- 
vered up with water. The air there 
fore is more and more preſſed, the more 
Water 18: forced into the air veſſel, till at 
length it begins to exert its ſpring againſt 
the ſurface of the water at H. This 
ſpring therefore forces up the water 
Through the pipe IHGF, from whence 
# ſpouts1 ina ler 8 to a great height; and 
this 


© WS 5 I 


ter to ſupply it. This inſtrument was in uſe 


in miniature as a thing of mere curioſity 
among naturaliſts, till the above ingenious 
and intelligent machiniſt converted it to 


the moſt uſeful purpoſes. If we ſhould de- 
fire to know, how the water may be 
driven in one of theſe inſtruments, it is 


obvious, that the more the air in the 
re forcibly 


veſſel KK is preſſed, the n 
will it be driven through e pipe F. 
If che compreſſion be equal to double the 
weight of the atmoſphere, the ſpout will 


be thirty- three Feet high; if the com- | 


preſſion be three times greater than the 
2 of the atmoſphere, the ſpout will 
be (all circumftances the ſame) ſixty- ſix 
feet high ; if four times, then ninety- 
nine feet high, and ſo on. Thus, by 
encreaſing the compreſſion, the water will 
ſpout higher, and this compreſſion will 
be encreaſed only by leſſening the hole, 
by which the water is to eſcape from its 
n or, in other words, by diminiſhing 
a H y | the 
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this may be continued as long as we chùuſe 
to work the machine, and there is any wa- 


| 
* 


8 


We 


- IS 


1 
x 

3 : 5 
ES 


5 
A 
! 


— — 
1 


ww 
r 


* 


_" yy TORT RY an 
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Tuns IE Oe is 1 ge farce 
oft the air ; but fill more powerful would 
| i be, : by means gf fire, we encreaſed 


rds —_ Inge, — How 
| to expand all bodies whatſoever, but by 
no means I ſuch great proportion as it 
. ders air. How heat comes to have this 
extraordinary power upon air we cannot 
kl: the cauſes af many things we are 
ſtrangers to, and. muſt, be contented 
with knowing the-phznomens, Heat 
expands the air in an amazing degree, 
and cold, on the, contrary, condenſes and 
contraQs i it. F | 4 in proof of this, I bold 
a „ bladder half blown near the fire, the 
beat will ſoon epereaſe the e of 
the internal. air, the bladder will well 


nl at laſt burſt. I I, place a, glaſi 
Gun de in, Ge: fire, when 


the 
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the contents begin to rarefy with 
tlie bubble will burſt with a loud ex- 
So great is this expanſion 
cCauſed inthe air by heat, that ſome have 
been of opinion, that the air owed its 
expanſive force only to the heat it con- 


ter, if the air were deprived of all heat, 
1 would quickly be condenſed into a ſo- 
lid maſs. However this be, Amontons 


has found, that the heat of boiling water 
encrèaſed the foree of air atleaſt a third 


part greater than it was before. And he 
alſo has proved, that more denſe the ait 
is, the more will an equal degree of heat 
- expand it, If, for inftance, a quart of 
air be condenſed into a pint, an heat 


equal to that of boiling water will ope- 


rate twice more powerfully upon the 
compreſſed pint, than upon the quart 
that. is twice leſs compreſſed. Thus we ſee 
with vrhat force a ſmall quantity of air may 
be- made to preſs upon the ſurface of the 
earth, its weight from the height of the 
W its elaſticity which is equal 


to 


tained; and as was ſaid in a former chap» 
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to that weight, and the encreaſed elaſti⸗ 


eity which it may receive from being 

heated. A ſmall quantity of air acting 
with theſe three forces conjointly, might 
de able to cauſe an earthquake; but 


whether air thus expanding be actually 
the cauſe of 'carthquakes, we cannot de- 
termine: : it is probable that it is not; but 


very poſibſe that it 2 be. 


How great the power of the air is, 
though only acting with two of theſe 
forces, namely, its natural elaſticity, and 
that which it acquyzes by heat, may be 
ſeen in the experiMent of a cloſe veſlel, 


which has received the name of Papin's 


Digeſter. The effects of this digeſter 
are perhaps ſome of the moſt ſurpriſing 


that experimental philoſophy is ca- 


pable of exhibiting. The digeſter is 


nothing more than an iron veſſel of mo- 


derate thickneſs: into this is put meat, 
bone, hartſhorn, or any other animal 
ſubſtance, and then the reſt uf the veſ · 
ſel i is filled me water. Being thus filled, 
there 
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there is a cover, which is ſcrewed og” 


doſe upon the mouth of the veſſel, fo 
that no air within the veſſel can by any 


means eſcape, nor any of the exter- 


nal air enter. Then the whole is 


placed over the flame of a lamp, or up- 


on a few embers. In leſs than eight 
miriutes time, the fleſh contained will be 


converted entirely into à liquor like 
ſoup. By enereaſing the fire a little 


more, or lengthening the | time a few 
minutes longer, the hardeſf® bones will 
be diſſolved down into a jelly. This 
utenſil was firſt invented by a philoſo- 

pher: it is at preſent chiefly converted 
to very unphiloſophical purpoſes; for it 


is merely an inſtrument of Epicuriſm and 
luxury. The French make their ſoups 


with it, and we have of late brought it 


among ourſelves from the elaboratory to 
the larder. When we conſider the force 


which the air myſt exert in thus bruiſ- 
ing down, if I may fo ſay, the hardeſt 


bones in a few minutes into an 1mpal- 


Pable jelly, it may well excite our ſur- 
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priſe. dee innate 
work could not do it the fortieth part fo 
=_ This inſtrument, as we ſaid, is 
called a Digeſter, for it was brought by 
Papin to explain the manner in which 
our food was digeſted in the ſtomach, 
which he compared to this machine. He 


. found, that in four and twenty hours an 


beat equal to that of the human body 
- would, diſſolve the hardeſt botes in his 
: digeſter, and he therefore ſuppoſed, that 
the heat in the ſtomach rarefying the 
air which was contained in the food, 
wrought the ſume change upon it, and 
which is: called chyle.. & fingle objec- 
tion deſtroyed this whote theory, Fiſhes 
have no heat in their flomachs, but yet 
digeſt very quickly. This therefore, like 
ſtveral former opinions, was ſoon; aba 
doned. Boerhaave; finding any one of the 
former opinions: unequal: to the expla- 
nation of the work of digeſtion, pru- 
_ united them all: a method the 
| 5 ben. 5 


dl. if not of arge coi, a 


pie de mne ile ns, which 5 


beat Au of rarefying the air, we cannot 
be ſo much ſurpriſed at the conſtant 
changes of weight and elaſtieity, to which 
we find it liable ; for, ſetting aſide the 
approach of the ſun, the earth is conti- 
nually ſending up hot exhalations, which 
tend to ratefy the air in ſome places 
more than in others. Theſe changes 
of the air is what, in ſome meaſure, car- 
Ties on the work of vegetation. Let us on- 


ly conceive the air as cloſely enveloping 


the growing plant, and by its elaſticity 
dene itſelf continually into its 


Its continual dilatation and con- 


N will therefore take place upon 


entering the ſmall veſſels of the plant; 5 
for as its denſity is never found in na- 
ture two minutes together the ſame, it 


will be varying within the plant juſt as it 


was before its entrance. Thus in every 
plant there is a continual vibration of 
7 parts, 
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| parts, "Y air - contracting and dilating 5 
with the minuteſt, variations of heat and 
cold. And thus i it is that the juices are 


driven forward through their ehannels, 


and che whole work, of . yegetation..is 


carried, regularly on. And hence. alſo 
it is, that plants will not vegetato in the 
void. have often ſeen in a clear ſun- 
ny day all the objects of nature as 
if trembling before my eyes. This i is 
uſually aſcribed to the riſing of vapours ; 
perhaps with more probability it may 
be attributed to. this alternate ex panſion 
and contraction of the. air. This undu- 
lation is very manifeſt i in the ſpiracles of 
many plants viewed with the microſcope. | 
We find a ſimilar undulation in the parts of 
light. From analogy \ we. may aſcribe ſuch 
ſimilar motion to the alternate expanſioh 
and contraction of the air. At the worſt, 
if it be an error. the error is but ſmall, 


for the « l is of Title W 
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FE have Wen the manner in which 


height of about thirty-two feet: the 
quickſilver or water, however, as we ſaid, 


does not always riſe to the ſame height: 
the quickſilver, for inſtance, alters ſo as 


to be three inches lower, or three inches 
higher, at one time than at another. 80 
that in the barometer or weather- glaſs 
there is a variation of three inches at 


laaſt between its higheſt and its loweft . 
ſuſpenſion. | Theſe changes, as we alſo 


obſerved, muſt be aſcribed to the alte- 


ration of the weight of the air, ſome- | 
times preſſing the external quickſilver 
with greater, ſometimes with leſſer force. 


If the quickſilver always ſtood at the 
ſame — that is, exattly at twenty- 


nine 


VV "the. air ſuſpends quickſilver in 
the empty tube to the height of about 
twenty-nine inches, and water to the 
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nine inches, the weight of a . of "A | 
atmoſphere. would be concluded to be 
invariable; and, as we ſhewed before, 
would be equal to a pillar of quickſilver 
twenty- nine inches high, and it would 
weigh above thirty thouſand pounds; but 
3 As the barometer i is continually altering, it 
is plain the weight of . the atmoſphere is 
I. alſo, inſomuch that it is near 
one tenth more heavy at one time than 
at another. For ſuppoſe, when the air 
is lighteſt, we at one time ſuſtain a 
weight equal to a- pillar. of quickfilver 
twenty- eight inches high, it is obvious 
chat when, at another time, this pillar 
is encreaſed by three inches of quickſil- 
ver more, this will make our load near 
one tenth part more; or, in other words, 
if we. at one time ſuſtain a pillar of air 
.cq equal in weight to twenty-eight of theſe 
inches, which in round numbers is near 
thirty thouſand pound, we ſhall at an- 
other time, when the air is heavieſt, be 
loaded with a pillar of air equal to thirty- 


one inches of quicklilver, which: will add 
to 
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to our load of thirty thouſand. pound, 
near one tenth, that is, make it thirty - 
three 12 8 21 * 


80 on is the Aiffereace of weight 
which we inſenſibly ſuſtain at one time 
more than at another. Of the encreaſe of 
this preſſure other animals ſeem much 
more ſenſible than we: crows,- for in- 
ſtance, as the poet has remarked, by their 
cawing ſurely foretel a change of wea- 
ther: their more poignant ſenſations diſ- 
cover the approaching alteration, which 
perhaps the luxury, and artificial heats, 
to which we have accuſtomed ourſelves, 
have deprived us of, Certain it is, that 
in ſome parts of India, where the Joqueſe 
prieſts never eat animal food, nor ever 
enter houſes, their ſenſations of ap- 
proaching change in the weather are ſaid 
to be exquiſite: they feel its weight, 
and their ſmell diſcovers its alterations. 
It is common among them, when de- 
ſcribing the beauties of a place, to rank 

Vor. II. : I „„ 
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WE * alre ady obſerved, * the 
greatneſs of the atmoſphere's weight did 
not affect us with a ſenſeof any oppreſſion, 
and we may remark the ſame with re- 
gard to the encreaſe of this weight. Na- 
ture hath wiſely armed us againſt this 
change, and in proportion as the atmo- 
ſphere is laid upon us with additional 
oppreſſion, the heart beats quicker againſt 
it, and drives the compreſſed fluids of 
the body with greater force. Why the 
heart thus bounds more ſtrongly 5 | 
dhe weight of the atmoſphere is greateſt, 
we can but obſcurely tell: it is an en- 
quiry rather belonging to the medical 
Phyſiologiſt, than to the natural philoſo- 
Pher. To whomſoever it belongs, the 


- inveſtigation i is e and the ſolution 
difficult. . 


. we 1 with fouls 1 850 the 
-wrright of o our atmoſphere, 0 ſome phi- 
5 — 
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joſophers have purſued ſpeculation, and 
attempted to diſcover. its height alſo; 
Geometricians love to purſue a ſubject 
where calculation is all that i is neceſſary 1 
for this reaſon we have had many 
lu tions of this queſtion, and all dif- 
A from each ae aff mn; 10 


* 


. . air was not a 'buk 
throughout of the ſame, denſity from the 


ſurface of the earth to the top. of the at N 


moſphere, like water, which is equall y 5 
denſe at every height, it would then be 
an eaſy taſk to meaſure the height of the 
atmoſp here. We might then proceed 
be and ſafely thus. We have only | 
to find out the proportion, between the 
- height of a ſhort Pillar « of air, and a ſmall 
pillar of water of equal weight ; . and 
having compared the proportion the 
' heights of theſe bear to each other in the 
| ſmall, the ſame proportion will be ſure to 
hold in the great, between a pillar of was 
ter thirty-two feet bigh, and 2 a pillar of 
dir that reaches to the top of the atmo- 

| | 8 . 


- 
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ſphere, whine height [want to \khow, 


Thus, for inſtance, we find that a certain 


weight of water reaches one inch high, 
and a ſimilar weight of air reaches ſeven- 
ty-two feet high: this then is the pro- 
Portion two ſuch Pillars bear to cath 


. other in the ſmall. Now, if one inch 
of water be equal to ſeventy-two feet 
of air, to how much air will thirty- 


two feet of water be equal. By the 


common rule of proportion, I rea- 
dily find, that thirty-two feet, or 384 
inches of water, will be equal to 3 31,776 


inches, which makes ſomething more 


chan 17 miles, which would be the 


the atmoſſ ſphere, were its den- 
fity e "where the ſame as at the 
earth, where ſeventy- two feet of air 


were equal to pne Inch of 3 LA 


Bur this! is not 2a the caſe; for the 
air 's denſity,” : as-we ſhewed before, is not 
every where the ſame, but decreaſes as 


the preſſure upon it decreaſes; ſo that 


the air becomes lighter and lighter the 
6 — 
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higher we aſcend, and at the upper part 
of the atmoſphere, where the preſſure is 
ſcarce any thing at all, the air dilating in 
proportion, muſt be expanded to a fur- 
priſing degree; and therefore the height 
of the atmoſphere muſt be much greater 
than has appeared by the laſt calculation, 
in which its denſity was ſuppoſed to be 
every where as great as at the ſurface of 
the earth. In order therefore to deter- 


mine the height of the atmoſphere more 


exactly, geometricians have endeavour- 
ed to determine the denſity of the air at 
different diſtances from the earth. The 
following ſketch will give an idea of the 
method which ſome geometricians have 

taken to determine this denſity, which 

is preparatory to finding out the height 
of the atmoſphere more exactly). 


Luer us ſuppoſe a pillar ef air to reach 
from the top of the atmoſphere down 
to theearth's ſurface; and let us alſo ſup- 

| Poſe it marked like a ſtandard by inches, 
from the top to the bottom; let us ftill 
1 e farther 
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Farther. ſuppoſe, that each inch of air, if 
not at all I array would weigh one 
grain. I The topmoſt. anch- then weighs 
one grain, as it ſuffers. no compreſſure 
whatſoever ; the ſecond inch is preſſed 
N by the topmoſt with a weight of one 
i grain, and this added to its own: natural 
weight or denſity of one grain, now 
makes its denſity, which is ever equal to 
the preſſure, two grains, The third inch 
is preſſed down by the weight of the 
two inches above it, whoſe weights 
united make three grains, and theſe add- 
ed to its natural weight, give it a den- 
ity of four grains. The fourth inch 
is preſſed by the united weight of the 
three above jt, which together make 
| ſeven grains, and this added to its 
natural weight give it a denſity of 
eight grains. The fifth inch, being preſ- 
{ed by all the former fifteen, and its own 
weight, added, gives it a denſity of ſix- 
teen grains, and ſo on, deſcending down- 
Wards to the bottom. The firſt inch has 


ener of one, the ſecond inch a den- 
* ſity 
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3 ſity of two, the third inch, a denſity 
of four, the fourth Mch of eight, the 
fifth of ſixteen, and fo on. Thus the 
inches of air increaſe in denſity as they 
deſcend from the top, at the rate of one, 
two, four, eight, ſixteen, thirty-two, ſix- 
ty-four, and ſo on, which is called a geo- 
metrical progreſſion. Or if we have a 
mind to take this backwards, and begin 
at the bottom, we may ſay, that the den- 
ſity of each of theſe inches grows leſs 
upwards in a geometrical progreſſion. 
If, inftead of inches, we ſuppoſe the parts 
into which this pillar of air is divided 
to be extremely ſmall, like thoſe of air, 
the rule will hold good in theſe as well 
as thoſe. So that we may generally aſ- 
_ ſert, that the denſity of the air, from the 
ſurface of the earth, decreaſes 1 in a you 
nas e A 25 185 


＋Tu18 bung n ſhould I now : 
defire to know the denſity of the air at 
any certain height, I have only firſt to 
find out how much the denſity of the air 

„ is 
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1s diminiſhed to a certain ſtandard heights | 
and from thence proceed to tell how | 
much it will be diminiſhed at the greateſt 
| heights that can be imagined. At ſmall 
heights the diminution of its denſity is 
by fractional or broken numbers. We 
will ſuppoſe at once then, for greater 
eaſe, that at the height of five miles, or a 
Dutch league, the air is twice leſs denſe 
than at the ſurface of the earth: then, at 
two leagues high, it muſt be four times 
thinner and leſs denſe, and at three 
leagues eight times thinner and lighter, 
and ſo on. Inſtead of Dutch leagues, 
ſuppoſe we took a German league of ſe- 
ven miles, and that it was four times leſs 
_ denſe at the height of the firſt German 
league, then it would decreaſe in the 
Tame proportion, and be four times leſs 
denſe than the .firſt at the ſecond league, 


_ - that is ſixteen times; and four times leſs 


denſe than the ſecond at the third league, 
that is ſixty-four times; and four times 
leſs denſe than the third at the fourth 


| league, that i is two Hundred and fifty-ſix 
times 


Gi 
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times leſs denſe than at the ſurface. - In 
ſhort, whatever decreaſe it repeived in 
the firſt ſtep, it will continue to have 
in the ſame proportion in the ſecond, 
third, and ſo on; and this, as we ſaid, is 
called geometrical progreſſion, They 
| who are fond of calculations may go ftill 
forward, calculating the height of the 
air in this manner, and they will find, 
that a cubic inch of ſuch air as we 
breathe here below would be ſovery much 
rarefied at the height of five hundred 
miles, that it would fill a ſphere equal 
in magnitude to the fartheſt reach of our 
planetary ſyſtem. Calculations, hows 
ever, confer but little wildom, | 


By this method of a the 
denſity of the air, we find that the height 
of the atmoſphere is ſcarce to be deter- 
mined, as it grows thinner the higher it 
aſcends, However, I think it may be 


eaſily enough proved, that it cannot dif- 
fuſe itſelf above a certain determined 
height ; for it muſt be noted, that the 


dir is attracted by gravity to the carth, 
all 
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all the: time it is thus impelled to recede 
from it by its expanſive force. Now, 

if its denſity, and conſequently its ex- 
panſive force, which is equal, be ninety 
hundred thouſand million times leſs at 
one hundred miles from the earth, than 
at its furface, as is nearly the caſe; and 
if, on the other hand, the power of gravity 
ſhould be but a ſingle tenth part leſs 
at an Hundred miles diſtance, than 
it is at the ſurface of the earth, it is evi- 
dent, that the power of gravity will be- 
come at laſt greater than the force of 
expanſion, and at a certain height the 
air, inſtead of ſuffering farther expan- 
ſion, will be attracted towards the earth. 
For inſtance, ſuppoſe a bubble of air at 
the furface of the earth weighs but the 
. millionth part of a grain, ſuppoſe it.raiſed 
. feventy miles high, its weight or gravity 
will ſcarce be diminiſhed at all, but its 
denſity, and conſequently its expanſive 
force, will be a million times leſs than 
before. Suppoſe then it is raiſed ſeventy- 
ſeven miles high, this will make ſcarce 

any alteration in its gravity; but its 
denſity 
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| denſity, 2 and conſequently its enen 
force, will be four million times leſs. 
Here then the gravitating force exceeds 
the expanſiye force by three millions, 
and conſequently the particles of air, 
_ inſtead of attempting to riſe by expan- 
ſion, will be carried down by the ſupe- 
rior force of gravity. In other words, 
the atmoſphere cannot riſe  abore ſeventy 


_”_ __ at the maſt. 


Is were to * wiſhed, that this theory 
were aſcertained by experiment, and that 
upon examining the diminution of the air's 
denſity at three different heights, as in 
the valley, on the brow of a high moun- 
tain, and on its ſummit, we found the 
denſity of the air thus decreaſing in geo- 
- metrical proportion. Were the theory 
thus inconteſtably aſcertained, and found 
_ conformable to facts, we might eaſily 
meaſure the heights of mountains merely 
by knowing the denſity of the air, and the 
air's denſity could always be eaſily found 
by the barometer. Derham, if I re- 
member right, was the firſt who thought 
7 : upon 
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upon this method of mesſuring the 
— 6f- mountains by the barometer. 
ttempted to meaſure the hill of 
- Snowdon in this manner: however, he 
ſuppoſed the atmoſphere of an equal den- 
fity throughout. Others have taken its 
geometrically decreafing denſity into 
- conſideration, and laid down rules for 


hs meaſuring mountains by calculating 


their heights, in proportion to the de- 
creaſe of the air's denſity. The thing is 
eaſily enough done; but at preſent, the 
_ whole of the method is looked upon as 
matter rather curious than either uſeful 
or exact. Caſſini the younger, in his 

admeaſurement of a degree in France, 
calculated the denſities of the air at ſe- 
veral heights, upon different mountains; 


and be fbund che denſity of theair decreaſe = 


in a much greater proportion as he aſ- 
cended, than in the geometrical progreſ- 
ſion which the theory had laid down. 
The publication of theſe experiments 
cauſed a ſchiſm among naturaliſts. Some 
have aſcribed this difference between 


experiment and theory to the vapours 
; ©. ne 
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being in greater abundance in the valley 
than on the mountain, and as theſe va- 
Pour neither riſe to the heights of pure 
air, nor act with equal elaſticity, the air 
upon the tops of mountains being freed 
from theſe. is more expanded, and con- 
ſegquently leſs denſe, This is denied by 
others, particularly Fontenelle: he aſ- 
ſerts, that the air is mare rare upan the 

tops of mountains, becauſe there it has 
more elaſticity, and it has there more elaſti-- 
city becauſe it has more humidity; but Dr. 

Jurin bas well confuted this by ſhew- 
creaſes; the elaſticity of the air. Others 
there are, who make a diſtinction be- 
tween the air on the mountain, and the 
air in the valley, and who think that 
they are governed by different laws. 


Buch is the ſtate of the controverſy as it 


Rill ſubſiſts. Philoſophers. diſpute, but 
chance more ee e decides. 


— 


nie esd of ane the 
height of the atmoſphere, though per- 
250 haps 


+. 
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po the bet, is yet diſliked by Ber- 
riouilli,who gives us a metliod of his own; 
The heat in the air is reckoned by him 
as one of the agents in producing its dif. 
ferent denſities. This method, however, 
is not much followed: the manner of 
finding out its height, as given by Kep-' 8 
ler, is moſt known and followed, though! 
perhaps bullt, like the reſt, upon a baſe- 
leſs foutdation. r r in * | 
. * 0 | 
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exactneſo, the n of the heavens in 
which the ſun is at any one moment of 


time: they know, for inſtance, the 
moment in which it will ſet, and alſo 


the preeiſe time in which it is about to 
riſe. However, upon awaiting his ap- 
pearance any morning, they always ſee 
the light of the ſun before its body, and 
they ſee the ſun itſelf ſome; minutes 
ſooner above the mountain top, than it 
ought to appear from their calculations. 
N they. ſee long before the fun 


a5 : 155 appears, 


Ul 
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appears, and that at a time when 2 2 


know that it is eighteen degrees lower 


thap the verge of the ſky. There is then 
in this caſe ſomething which deceives our 
ſight; for we cannot ſuppoſe the ſun to 


be ſo irregular in his motions as to varx 
every morning: this would diſturb the 


regularity of nature. The deception actu- 


ally exiſts in the atmoſphere. By look - 
ing through this denſe,” tranſparent ſub- 
| tance, every celeſtial object that lies be- 
yond it is ſeemingly raiſed up, in ſome 
ſuch. manner as we ſee a piece of money 
look as if raiſed higher in a baſon filled 


with water. From hence it is plain, 
that if the atmoſphere were away, the 


ſun's light would not be brought to view 
ſo long in the morning before the ſun 
itſelf actually appears. The ſun, with- 
out the atmoſphere, would appear all 
blazing in light the inſtant it roſe, and 
leave us in total darkneſs the inſtant 
of its ſetting. The length of the 
twilight, therefore, is in proportion to 
the I of the atmoſphere ; or let us 


invert 
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innnhleacd on chat the height of the 
atmoſphere is in proportion to the length 

of the twilight. So that the diſtance there 

is between the real andthe apparent place 
of the ſun s ray will ſerve to meaſure the 

height of the atmoſphere; for let us 

ſuppoſe thie ſun to be at 8. and the eye of 

a ſpectator upon the earth at A. Now 

the ſpectator cannot ſee the ſun, but yet he 

vill fee the Tight reflected by the atmo- 
ſphere; for when the ray of the ſun 

| touches the earth at D, (ſee fig. Sa.) and 


B it will bend | Hanting to the ſpectator's 
eye at A; by which he enjoys the light 
before che ſun appears. This ray has 
touched the earth at D and at A, and the 
arch DA is comprehended between the 
two tangents. If a line be drawn from the 
centre of the earth, ſo as to divide this 
areh in two equal parts, from the nature 
of all circles, as geometry aſſures us, it 
muſt come upon the place where the ray 
was bended at B, and the length of the 


W HB will be the height of the atmo- 
ſphere, 


nan 
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| — — dated, ue light; 
and again From light inte darkneſs. Im 
thoſe countries towards the pdles, wheres 
 thbugh the ſun diſappears -rotally"rfor's 

ſeaſon, yet, when not above eighteen de- 


grees below their" horizon, they have 


the twilight all night long. At the 
equator, rhe twilight is ſhorteſt, becauſe 
the rays of the ſun dart moſt directly 
chroùgh the atmoſphere, and conſequent- 


* leſs refracted by paſſing through 
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tive from our atmoſphere, muſt be men; 


tioned that of its ſurrounding the earth 


on every ſide, and turning with it as the 


earth turns. Were it not for this, the . 


tenants of the earth's ſurface might be 
every moment liable, perhaps, to the 
ſhacks of that fine fluid with which our 
planetary ſyſtem. is, by moſt moderns, 
thought to be filled. The parts of light 
itſelf; might make a violent impreſſion 
upon us, if we were daſhed againſt them 
* the earth's oo rotation, 1 
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FE Kare: gs + nn ed 
"atmoſphere as in continual mo- 
tion, altetnately- relaxed y heat, an nd | 


by cold, as the” ſun,” our 


ſource of celeſtial heat, acts upon it, or 
| the hot or pes exhalations from. the — 


diminiſh it, "> 1 NO 2 83 5 Na 0 61 as: : 


3 4 
* qr 2 5 V 


Ir we mould move with great — 
ce the air, we ſhould feel its force : 


the ſame thing will happen if the air 


moves with ſwiftneſs againſt us: we 
feel it forcibly impreſſed upon our bo- 


dies, and the air thus moving all know 
to be called Wind. The wind is nothing 
elſe but the air put violently into mo- 
tion, and the more ſwift this motion, 
and the more denſe the air, the greater 


the wind's force, and if to a great de- 


gree, it is then called a Storm. 


Ip 
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285 1 the atmoſphere heated 
in any one part more violently than in 
another, it is plain, thatthis will dilate i . - 
and drive the air out of that part. The 
air, however, cannot be thus driven from 
its own peculiar; place without making 
an excurſion into the place which another 

body of air poſſeſſes. By this means a 
great quantity of air will be crowded or 
condenſed into one particular region, while 
another {hall have but very little. This 
inequality of the air in theſe two different 
regions muſt continue as long as the one 
of them continues more heated by the 
ſun or by vapours than the other. But 
when the eauſe of the inequality 1 is re- 
moved, and the heat is equally mode- 
rate in both places, the air condenſed in 
one place having nothing now to reſiſt 
its preſſure, will ruſh into the place 


empty of air, and thus flowing in with = 


a violent motion produce winds, ſuch as 
we every hour experience. To have a 
clear conception of this, let us compare 
b that obo ſpot or pou where al the 
ods nya l 35 bone Air 
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- nen in 2 manner exhauſted 8 
w a great empty gulf, into which Hnids 
| are going to enter fram every ſide. The 
inhabitants in the midſt of the gulf are 
preſſed violently by the ſtream on every 
fide; thoſe who are to the north of it, 
you > the. fiream. of air 1 towards 


N 1 thoſe on Fn e b live 
10 che ſouthward, ſee the ſtream going 
| -northwards, and therefore have a ſouth 
wind, and fo of all the other points of 
the ne In: the mide 0 er 
they feel all he inconveniences which 
are the effects of that heterogeneous 
mixture. There ſulphureous exhalations 
from the ſouth, torrents of nitre from the 
north, and watery vapours from every ſide, 
are indiſcriminately blended together in 
one confuſed maſs. From hence proceed 
tempeſts, thunder, a main, WO and 827 
| winds. © ia 


Bur A, "ma are e found 
| to praguee - miſchief, yet the harm they 
iy or þ 


do bears/ n 
e e The: atmoſphere 


de date of aniral exhalations floats - 
in it, would in a very fem "days 
hours :deftroy.thy health of, the 
= of ang The wind prevents: this; 
and blows away this .over-charged: pars 
Had a\moſphere, : placing. a nem c- 
of atmeſphere in e > /< 


N 1424 LI 9023 35 81 FE n 3 OOO 


Bo pos rags 2 allo bepe: 


a Thoſe 2 which be ae ij 
juſt before felt the moſt violent. effeQs.of 
heat, arg refreſhe * 0 2 
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which i is more 5 cold, reciprocally na- 
fits that, and ſoftens the ſeyerity of its 


thoſe Wands that lie in hot tropical cli- 
1 - $  -- mm 
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et feel 3 bre 


| from the wind d. All day the ſun best 

ing wied ee int the Iölideafth of 

tte iſland, cauſes this, like all hard ſub⸗ 

Nanses, to begreatly heated, and the air 
— rarefied to 4 Stest degees. 


e betete. Ps 8 7 out 
Cool at. ſea;"ard eonſtgilently healthful 
| As loom, therefore, 4s the ſun every day 
done exerting” the viotence* 0 of his 
heat; tde al Air from the beran f urs i 
upon the inhabitan te patting and flint 
for want of ar, e It ones T com af 2 


co 16, +4 ret 
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15 GbR * — Span done Bis talk, at 
night the air from the fea ruſhes back to 
2 the ſpace the — had made empty. N 
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ot whe this männer, however irre gul 
we find the Wind in this Aill happier 


climate, they have it a more conſtant 


and more grateful” viſitant; ; yet the 


conſtancy of the wihd among the iſlands . 


is but a trifle, if” compared to what it is 
found to blow in the open p parts of the 


2 


” 
uſt wind is found to prevail throughout 


- the whole year: ſo that if a ſhip ſhould 


fail away from the coaſt of Africa, and 


80 continually weſtward,” it would have 
an eaſtern. gale to carry it round the 
Whole globe. From its being i fa- 


bourable to navigation, this wind hag 
been called a a Trade Wied. 


Tu. x cauſe of wis ie! in the 
trade winds has been variouſly accounted 


for. Very many, and very abſurd have 


been the conjektures brought to explain 


them. There is a weed, ſays Lyſ- 


ter, growing in the ſea, called alza 


marina, and extremely abundant in 
the 


ean between the tropics ; for i in gene 
al, within the whole torrid zone, an 
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che tropical climates.” The perſpiration 

3 this weed produce air, and this air 
produces the trade winds, and theſe trade 
winds are always conſtant, becauſe they 
are always Produced from the * 
| f is r abſurd. 
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Pu. 1 Weng mb. more - probabil ty 
| afcribed the trade wind to the motion of 
the earth upon its axle; but none of 
the motions of a fluid at the earth's ſur- 
face can be aſcribed to that cauſe. Others 
were willing to aſcribe them to the fame 
_ cauſes that produced the tides, the ſun 
and moon 6 artraQion. wor it might be 


would not 9 Ne air to riſe much 
higher than it does the ocean, which in 
the air would be fo trifling a difference, 
that it could cauſe no. ſenſible alteration 
whatever i in the direction of the winds. 
It is to Dr. Halley we owe the moſt 
rational theory woo, this Ne. 
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winds is rc terms: U Sr the air % f 
N a greater rr quabtiry of the furs Tays 
fall in at region, and becauſe they fall 
more directly, aud alſo becauſe it is that 
part of the earth which is actually nearer 
the fan. Now, as the ſun travels on- 
ward from eaſt to weſt Every day, he 
dilates moſt that part of the "atmo- 
"ſphere that is immediately under him, 
and {6 makes a Find of a void ſpace as 
| he goes along; but it is very obvious, 
that che air behind him will ruſh in to fill 
up this ſpace that he has juſt left, rather 
_ than the air which is before his motion; 
for if theair before his motion ruſhed for- 
ward to fill up the chaſm he has juſt made, 
it muſt paſs directly under his rays, and 
if ſo it would itſelf by that means be di- 
lated, and ſo rendered unfit to fill up the 
void place it was ruſhing. in to occupy. 
For this reaſon, therefore, the air muſt 
follow the ſun's motion, and fill each 


ce he has juſt made; in other words, 
the 


5 13 8 move „ | 
| weſt, - From hence, therefore, between 
the tropies, there would always be a 
Furrent of air due eaſt;. but we are to 

take another effect into conſideration. 

The denſe air from the north and ſouth 
poles 3 is. always ruſhing into the rarefied 

regions of the equator. . Here theſe two 
” oppoſite winds meeting with that which 
- "continually blows due eaſt, they in ſome 
meaſure flow in its current, and in ſome 
meaſure keep their own current. On the 
north fide of the equator the wind blows 
north-eaſt; on the ſouth ſide of the equator 
it conſtantly blows ſouth-eaſt; and this is 

really the caſe with the trade-winds, which 
He over the open part of the ocean, and 
which are not affected by the heat, Which 
the ſun ſtriking againſt ſome ackern. 


| ing continent might oder 


"I'S ar in the open parts of the ocean ; ; 
for i in thoſe parts of it crowded with 
illands, or lying near continents, the 
trade- winds are by no means ſo regular. 


| Earth 1 is a more hard body than water; 
: . 5 hard 
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hard bodies receive a ſtrunger nt 
thoſexwhichare'fluid; am iron Pe- : 
hot is much k6tter than water atits higheſt | 
pitchof heat; the earth, as beitgan harder 
body than che ocean, receives ' more f 
the ſur's rays, and reflecta them with 
greater violence. Thus the air over a 
large continent is much more heated, 
and therefore more dilated, than over 
un ocean- This difference, therefore, 
| produces. what mariners in thoſe cli- 
mktes call the Land- wind. Every day, 
while, the ſun heats the earth, and thus 
produces adilatation, the air is in a man- 
ner: driven out to ſea; but at night, 


when; this heat ceaſes, the - ſea-breeze 


blos in upon land to fill up the void 
_ cauſed by the diurnal-{olar heat. Thus 
it is where there are continents, or iſlands, 
lying between the tropics: by day the 
r blows. out from fore; by night, 
it blows back again the contrary way, 
and mariners find it dangerous to at- 
tempt landing at that time; but it is 
otherwiſe where the ocean is open. Such 


% 


us, . 4 80 „ of 
is, the regularizy of the. dete wins. ** 


dene b. e, the great 


in but. A voyage. of nine weeks z for the 
oe ig almoſt without iſland, and the 
winds, upon its ſurſace ee 
N * ou, n i 309012! 1s: 
"SAVD 47 3 1552 23, 3115 2 17 51019120 
joe econ: is the tue ek = 
winde, that if the earth were all over 
covered. with one deep oceau, the winds 
upon its ſurface would always blow the- 
ſame way on either fide of the equator, 
and the motion of the air would regu- 
latly purſue the motion of the ſun; but 
in the 'earth's preſent ſtate, there are 
numberleſs cauſes. to interrupt their re · 
gularit and more in our colder cli- 
mates than in thoſe burning regions 
that are more immediately ſubject to the 
ſ{yn's influence. In thefe there is a kind 
of; interrupted regularity in the winde, 
but with us nothing can be more irregu- 
— Tbe ſun is ſeldom ſo 
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: zone, as to counteract the e aa 
uncertain impraſſions of different exha> 


regularityʒ to its motions. - Vapours,. 


meteors; mountains, foreſts, lakes, cities, 
alli conſpire to give a new direction to 
the current of the air, and alter the ſtate 


of the atmoſphere. The cauſes that give 
irregularity to winds with us are nu- 
merous, while the ſun, that in the tor- 
nid climates regulates their motion, ope- 


rates here with diminiſhed influence. 


We have not yet, therefore, a ſufficient 


_ hiſtory of the changes wrought by thefe 
different cauſes upon the wind in our 


own climates ; f and until ſuch an hiſtory, 


| which muſt be the work of more than 


an age, can be compiled, no certainty is 
to be d in our predictions of the 


changes it may undergo. Bacon was 


the firſt who undertook. to write an hif- 


tory of the wind: his great ſpirit was 
deterred at no difficulty i in the way; he 


| began the edifice, and ſucceeding philo- 
ſophers, 


lations upon the wind, and thus give 
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ſophers; -inſtead of purſuing Bis 8 
deſign have left it ing juſt at 
che height be left it. They have N 
ſtcarce any new obſervations! to en 
large the work. Had his plan . 
carried on with the. ſame ſpirit with 
_ which he began i it, the variations of tlie 
weather might now perhaps have been 
determined with greater certainty: and, 
who knows but by. this time we might 
have been able to predict à north or a 
ſouth wind, with as much exactneſs as we 
now calculate an eclipſe. To predict an 
eclipſe is an object merely of curioſity; 
to predict an approaching ſtorm would 


be of inconceivable benefit. The time 


ſpent i in determining the figure of a 
tautoc hrone might have. been more uſe- 
fully employed i in this reſearch. 1 Wall 
conclude this chapter with the ſketch 
of an hiſtory of the winds, ſuch as he 
has left it, with' ſome few additions by 
| e Buffon, an and others. 
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Ar ſea the winds are more regular 


| than at land; for there nothing oppoſes 
their e. or ala the ſun's in- 
Hyenee, | 11 5 


. air at ea is more 3 
well as more conſtant: at land it blows 
in fits of force and intermiſſion; but at 
ſea the current 16 ne * and 
even. BESS >, 


In 3 at ſea, 0 on this ſide the 
equator, the eaſt and north winds are 
moſt violent and boiſterous: on the con- 
trary, at land, the weſt and ſouth winds 
are moſt ſubject to produce hurricanes 
and tempeſte. 


Tux air is often ſeen to move in two 
contrary currents, and this almoſt ever 
previous to thunder. The clouds, in ſuch 
a caſe, are ſeen to move one way, while 
the weathercock points another. pe, 


_ 4 Se v of 


THE winds are more violent at cer- 
tain heights than upon the plain; and 
the higher we aſcend. lofty mountains, 
the greater is the force of the wind, till 
we get above the ordinary heights of 
the clouds. Above this the ſky is uſu- 
ally ſerene and clear. The reaſon is, 
that the wind, at the ſurface of the earth, 
is continually interrupted: by hills and 
5 riſings : : ſo that, on the plain, between 
any two of theſe, the inhabitants are in 
a kind of ſhelter ; but when once the 
interpoſition of ſmall hills no longer ſtops 
the wind's courſe, it then becomes 
| ſtronger; as the interruptions it meets 
with are fewer. At the tops of the high- 
er mountains its interruptions are leaſt 
of all; but it does not blow with vio- 
lente Wire: for its denſity is ſo much 
diminiſhed by the height, that its force 
is ſcarce perceivable, and the ſtorm falls 
ade below. : | 


A current of air always augments in 


force in proportion as the paſſage through 
which 
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which it runs is diminiſhed. The law of 
this augmentation is, that the air's force is 
compounded- of its ſwiftneſs and den- 
ſity, and as theſe are encreaſed, ſo will 
the force of the wind. If any quan- 
tity of wind moves with twice the ſwift- 
neſs of a ſimilar quantity, it will be twice 
as forceful ; but if, at the ſame time 
that it is twice as ſwift, it moves through 
twice a ſmaller tube, and the ſides: of 
the canal give no reſiſtance to its motion, 
it will be four times as forceful. This, 
however, is not entirely the caſe ; for 
the ſides of the tube give a reſiſtance, 
and retard its motion, in a proportion 
that is not eaſily calculated. From 
this 1ncreaſe of the wind's denſity in 

blowing through narrow paſſages, it is 
that we ſee the ſtorms ſo very violent 
that ſometime blow between two neigh- 
bouring hills. It is from this, that 
when caught in long arcades opening at 
one end, the wind blows with great force 
along them. From this increaſed den- 

ſity it is, that we meet with ſuch cold 
8 dalaſts 
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blaſts at the corners of ſtreets. In ſhort, 
whatever diminiſhes its bulk, without 
taking entirely away from its motion, 
increaſes the vehemence of the wind, 
This alſo is the reaſon why the air re- 
flected back from the ſide of a moun- 
tain is often more violent than the air 
which firſt ſtruck its ſide; for it is by 
this means condenſed, and its foree 
augmented. The countrymen and far- 
mers have a diſtinction which is not 
without its foundation; for they make 
a difference between a ſwift and an heavy 
ſtorm: the ſwift ſtorm is loud, boiſte- 
rous, and inoffenſive; the heavy ſtorm 
more ſo, but more forceful and dange- 
rous. This ſhews the inſufficiency of 
thoſe inſtruments made for meaſuring 
winds, by meaſuring the rapidity only 
with which they move. Theſe machines 
for meaſuring the ſwiftneſs of the wind 
are called Anemometers, an ill-ſound- 
ing word made from Greek, 


MR. 
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Mx. Bur rox has divided the winds 
by zones: the frigid zone is the parent 
of north winds, and eaſt winds rule at 
the equator. The winds of the tempe- 


rate zone'are compoſed of the eddies of 


theſe two united. As the north wind 
prevails over the eaſt wind, it produces 
a weſt wind; as the eaſt wind prevails, 
it produces a wind from the ſouth. 
Theſe, however, are reflected, refracted, 
and at laſt deſtroyed by each other's op- 
poſition in every region: their force 
is greateſt when ſeveral winds conſpire 
to move in on ſame current. 


SO kk may ſerve asa ſketch of this 

great undertaking. It is but very lately 
that we began to make obſervations 
on the changes of the weather : which 
may be conſidered as a noble and diſin- 
tereſted preſent to poſterity ; for we can 
ſcarce expect to have them in ſufficient 
number in our own age, from whence 
to deduce any general W wk: that ſhall 
turn to ä benefit. | 
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Of Mujical Sounds. 


HE ; 6 of fronds adds infi- | 


nitely more to the happineſs of 


man than to that of all other animals ; 
it not only ſupplies him, like them, 
with expreſſions of his wants and his 
deſires, but it opens to him a wide 
field for pleaſure. He finds delights un- 
known to the reſt of the animated cre- 
ation from their varied combinations. 
The fables of the ancients pretend, 
that muſic was firſt found out by the 
beating of different hammers upon the 
ſmith's anvil. Without purſuing the 
fable, let us endeavour to explain the 
nature of muſical ſounds by a ſimilar 
method; for fable may often conduct 
us to truth. Let us ſuppoſe an anvil, 
or ſeveral ſimilar anvils, to be ſtruck 
upon by ſeveral hammers of different 
weights or forces. The hammer, which 
” 
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is double that of another, upon ſtriking 
the anvil will produce a ſound double 

that of the other: this double ſound 

muſicians have agreed to call an Oc- 
tave. The ear can judge of the differ- 
| ence or reſemblance of theſe ſounds 
with great caſe, the numbers being as 
one and two, and therefore very readily 
compared. Suppoſe that an hammer 
three times leſs than the firſt, ſtrikes the 
anvil, the ſound produced by this will 


be three times leſs than the firſt: ſo 


that the ear, in judging the ſimilitude of 
| theſe ſounds, will find ſomewhat more 
difficulty ; becauſe it is not ſo ealy to 
tell how often one is contained i in three, 
as it is to tell how often it is contained 
in two. Again, ſuppoſe that an ham- 
mer four times leſs than the firſt ſtrikes 
the anvil, the ear will find greater dif- 
ficulty till in judging preciſely the dif- 
ference of the ſounds; for the difference 
of the numbers four and one cannot ſo 
ſoon be determined with preciſſ on as 
three and one. If the hammer be five 
„ times 


in _ 4 SaaS. a: 
times leſs, the difficulty of judging will 
be ſtill greater. If the hammer be fix 
times leſs, the difficulty ſtill increaſes, 
and ſo alſo of the ſeventh, inſomuch that 
the ear cannot always readily and at 
once determine the preciſe gradation. 
Now, of all compariſons, thoſe which the 
mind makes moſt eaſily, and with leaſt 
labour, are the moſt pleaſing. There is 
a certain regularity in the human ſoul, 
by which it finds happineſs in exact and 
ſtriking and eafily-made compariſons, 
As the ear is but an inſtrument of the 
mind, it is therefore moſt pleaſed with 
the combination of any two ſounds, the 
differences of which it can moſt readily 
diſtinguiſh. It is more pleaſed with the 
concord of two ſounds, which are to 
each other as one and two, than of two 
ſounds, which are as one and three, or 
one and four, or one and five, or one and 
ſix or ſeven. Upon this pleaſure, whichthe 
mind takes in compariſon, all harmony 
depends. The variety of ſounds are in- 
| finite ; 3 but becauſe the ear cannot com- 
2 3 . pare 
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pare two ſounds ſo as readily to diſtin- 
guiſh their diſcriminations when they 
exceed the proportion of one and ſe- 

ven, muſicians have been content to 
confine all harmony within that com- 
paſs, and allowed but ſeven notes in 


muſical compoſition. - 


Lev us now then ſuppoſe a ſtringed 
inſtrument fitted up in the order men- 
tioned above. For inftance : let the firſt 
ſtring be twice as long as the ſecond; 
let the third ſtring be three times ſhorter 
than the firſt, let the fourth be four 
times, the fifth ſtring five times, and the 
ſixth fix times as ſhort as the firſt. Such 
an inſtrument would probably give us 
a repreſentation of the lyre as it came 
firſt from the hand of the inventor. 
This inſtrument will give us all the ſe- 
'ven notes following each other, in the 
order in which any two of them will 
accord together moſt pleaſingly ; but yet 
it will be a very inconvenient and a very 
diſagreeable inſtrument : inconvenient, 

for 
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for in a compaſs of ſeven ſtrings only 
the firſt muſt be ſeven times as long as 
the laſt; and diſagreeable, becauſe this 
firſt ſtring will be ſeven times as loud 
alſo: ſo that when the tones are to be 
played in a different order, loud and 
ſoft ſounds would be intermixed with 
moſt diſguſting alternations. In order 
to improve the firſt inſtrument, there- 
fore, ſucceeding muſicians very judici- 
ouſly threw in all the other ſtrings be- 
tween the two firſt, or, in other words, 
between the two octaves, giving to each, 
| however, the ſame proportion to what 
it would have had in the firſt natural 
inftrument. This made the inſtrument 
more portable, and the ſounds more 
even and pleaſing. They therefore diſ- 
poſed the ſounds between the octave in 
their natural order, and gave each its 
own proportional dimenſions. It is not 
my deſign here to enter farther into this 
ſubje& than merely its ſlighteſt elements; 
let it therefore ſuffice to ſay that, in ge- 
neral, of theſe - ſounds, where the pro- 
Portion 
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portion between any two of them is moſt 
obvious, the concord between them will 
be moſt pleaſing. Thus octaves, which are 
as two to one, have a moſt harmonious 
effect; the fourth and fifth alſo ſound 
ſweetly together, and they will be found, 
upon calculation, to bear the ſame pro- 
portion to each other that octaves do. 
“Let it not be ſuppoſed, (ſays Mr. Sa- 
« veur) that the muſical ſcale is merely 
« an arbitrary combination of ſounds: 
« it is made up from the conſonance 
and differences of the parts which 
« compoſe it. Thoſe who have often 
c heard a fourth and a fifth accord to- 
« gether, will be naturally led to diſcover 
& their difference at once; and the mind 
“ unites itſelf to their beauties.” Let 
us then ceaſe to aſſign the coincidences 
of vibrations as the cauſe of harmony, 
ſince theſe coincidences in two ſtrings 
vibrating at different intervals, muſt at 
beſt be but fortuitous, whereas concord 
is always pleaſing. The true cauſe why 
concord is pleaſing, muſt ariſe from our 
| power, 
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power, in ſuch a caſe, of meaſuring more 
eaſily the differences of the tones. In 
proportion as the note can be meaſured 
with its fundamental tone by large and 
obvious diſtinctions, then the concord 
is moſt pleaſing ; on the contrary, when 
the ear meaſures the diſcriminations of 
two tones by very ſmall parts, or can- 
not meaſure them at all, it loſes the beauty. 

of their reſemblance : the whole is dif- 
cord and — 


er there is Aiken property in the 
vibration of a muſical ſtring not yet 
taken notice of, and which ſerves to 
confirm the foregoing theory. If we 
ſtrike the ſtring of an harpſichord, or 
any other elaſtic ſounding cord what- 
ever, it returns a continuing ſound. This 
till of late was conſidered as one ſimple 
uniform tone; but all muſicians now 
confeſs, that inſtead of one tone it actu- 
ally returns four tones, and that con- 
ſtantly. The notes are, beſide the fun- 
damental tone, an octave above, a twelfth 
above, 
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= hs and a ſeventeenth. One of the 
baſe notes of an harpſichord has been 
diſſected in this manner by Mr. Rameau, 
and the actual exiſtence of theſe tones 
proved beyond a poſlibility of being 
controverted. In fact, the experiment 
is eaſily tried; for if we ſmartly ſtrike 
one of the lower keys of an harpſichord, 

and then take the finger briſkly away, 

a tolerable ear will be able to diſtinguiſh, 

that after the fundamental tone has ceaſed, 
three other ſhriller tones will be diſtinctly 
heard: firſt the octave above, then the 
twelfth, and laſtly the ſeventeenth : the 
octave above is in general almoſt mixed 
with the fundamental tone, ſo as not to 
be eaſily perceived, except by an car 
long habituated to the minute diſcrimi- 
nations of ſounda. So that we may ob- 
ſerve, that the ſmalleſt tone is heard laſt, 
and the deepeſt or largeſt done firſt: the 
two others in order. 


In the whole theory of 1 3 


has given greater room for ſpeculation, 
cConjecture, 
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conjecture, and diſappointment,” than 
this amazing property in elaſtic ſtrings. 
The whole ftring is univerſally acknow- 
ledged to be in vibration in' all its parts, 
yet this ſingle vibration returns no leſs 
than four different ſounds. They who 
account for the tones of ſtrings by the- 
number of their vibrations are here at 
the greateſt loſs. Daniel Bernouilli ſup- 
| poles, that a vibrating ſtring divides 1t- 
ſelf into a number of curves, each of 
which has a peculiar vibration, and 
though they all ſwing together in the 
common vibration, vet each vibrates 
within itſelf. This opinion, which was 
| ſupported, as moſt geometrical ſpecu- 
lations are, with the parade of demon- 
ſtration, was only born ſoon after to die. 
Others have aſcribed this to an elaſtic diffe- 
rence in the parts of the air, each of which, 
at different intervals, thus received dif- 
ferent impreſſions from the ſtring, in 
Proportion to their elaſticity, This is 
abſurd. If we allow the difference of 
tone to proceed from the force, and not 
'F 5 2, the 


\ 
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the frequeney of the vibrations, this dif- 
ficulty will admit of an eaſy ſolution. 


Theſe ſounds, though they ſeem to exiſt 
together in the ſtring, actually follow 
each other in ſucceſſion: while the vi- 


bration has greateſt force, the funda- 


mental tone is brought forward: the 
force of the vibration decaying, the oc- 


tave is produced, but almoſt only in- 
ſtantaneouſly; to this ſucceeds, with di- 


| miniſhed force, the twelfth, and laſtly 


the ſeventeenth is heard to vibrate with 
great diſtinctneſs, while the three other 


tones are always filent, Theſe ſounds, 


thus excited, are all of them the har- 
monic tones, whoſe differences from the 


fundamental tone are, as we ſaid, ſtrong 


and diſtindt. On the other hand, the 
diſcordant tones cannot be heard, their 
differences being but very ſmall are 
_ overpowered, and in a manner drowned 


in the tones of ſuperior difference: yet 


not always neither; for Daniel Bernou- 
illi has been able, from the ſame ſtroke, 
to make the ſame ſtring bring out its har- 


monic 
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monic and its diſcordant tones alſo*: 
that from hence we may juſtly ag 
that every note whatſoever is only a ſuc- 
ceſſion of tones, and that thoſe are moſt 
diſtinctly heard, whoſe differences are 
moſt eaſily perceivable. Thus far then 
we ſee a ſtrong ſimilitude between a tone 
of ſound and a ray of light: both are, 
to all appearance, ſimple and uniform; 
but art can diſſect them, and in ſome 
meaſure diſcover their conſtituent prin- 


eiples. 


8 8 WOULD only. obſerve. here far- 
ther, that of all the ſounds I have hi- 
therto experienced, thoſe brought from 
the edge of the muſical glaſs are moſt 
ſimple and uniform. The great plea- 
ſure they give is from their ſimplicity 
alone; for when three, or any other 
number of them, come to be united to- 
_ gether into one harmony, the ſounds are 
low, trifling, confuſed, and ſcarce ſupe- 


vid. Memoires de PAcademie de Berlin, 1753, 
1 


rior 


= = 
fr is 6's bra Fbnbip 80 at de 
ſee how injudiciouſly the performers on 


glaſſes manage, who play firſts, ſeconds, | 
and ſometimes a baſe altogether upon an 


inſtrument, whoſe only excellence de- 
pends, not on its ſtrength, but i its  fims 
ue: os tone. eee, 11 
- To pail: all this kan beer ſaid 
upon the ſubject of ſounds : long con- 
tinued tones are nothing more than a 
repetition of the ſame ſtroke and tone. 
By ſwiftly repeating tlie ſtrokes, all bo- 
dies are capable of giving tones; but 
theſe tones do not ariſe from the ſwift⸗ 
neſs but the greatneſs of the blow. The 
tone, therefore, in elaſtic ſtrings, i is not 
to be attributed to the frequency of the 
| vibration, but to its force, to that greater 
vehemence with which a long and thick 
ſtring, permitted by proper tenſion to 
exext its whole elaſtic power, excels a 


ſhort and ſmall ſtring ſcrewed up almoſt 


beyond i its pitch of elaſticity. The quan- 


tity of vibration is always Nn | 
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tithe agb, diameter, and dimit iniſhed 
tenſion, of the ſtring; but the quantity 
or depth of tone is, not always ſo. Vet, 
W ing this, in practically tuning 
moſt. makes! inſtruments, as the tone 
and vibrations ariſe from the ſame. onnla, 
and are uſually ſimilar, the vibrations 
will ſerve to meaſure the tone. But then, 
when we conſider the ſubject Philo- 
ſophically, we ſhould not call thoſe vi- 
brations the parent, when they are only 
the ſiſter of muſical. ſounds. Light and 
flame are ever ſeen together, and yet it 
Would be unjuſt to fay that light is the 
parent of flame. True thinking is no- 
thing more. t mu piping fg tle pe 
uh eules. 
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An art, of which I am ſo fond, without 


making a few flight remarks upon Eng- 
liſh muſical compoſition in general. Fo- 
reigners greatly object to our harmo- 
nies: * Schuss them of being almoſt 
always 


by + 
Las De”. 
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the performers. zoul 
ſidered, however, that it is in general 
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7 overcharged, and that thiere is 


never room enough left for occaſional 


force of expreſſion. Whether their diſ- 


like to Handel be juſt or not, I will not 
pretend to determine; but certain it is, 


they ſeem highly diſpleaſed with his 
ſtile and manner, nor will they bear to 
hear him named with Haſſe, Pergoleſe, 
Faradellas, or any of the principal fo- 


reign compoſers. The fire of his muſicy 
as they expreſs it, is much too great, 


and generally unfitted to the ſubject and 
They ſhould have con- 


adapted to the audience: the Engliſh 


have been ever remarked for being 


fond of loud muſic. Scaliger, as early 


as the time of Queen Elizabeth, gives 


that peculiarity among the features of 
their national character. Handel ſeems 


to have ſtudied his audience perfectly: 
he knew that an Engliſh ear found leſs 


pleaſure in the ſound of a violin, than in 


the glorious notes of a drum. 
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Ir has been objected by 8 
that modern Engliſh *muſic labours 
throughout under the abſurdity of mi = 
taken expreſſion. For (inſtance : when 
it would expreſs any thing very high, 
the notes are raiſed high; if it would 
expreſs the wonders of the deep; the 
word deep is taken down to the loweſt 
note of the Diapaſon. Whereas, ſay 
they, depth and height have no reſem« 
blance whatever, but in name, to the 
different tones of muſic: In the ſame” 
manner, joy, ſorrow, and al moſt all the 
paſſions, are abſurdly expreſſed, ſo that: 
no paſſion is really excited but that of 
mirth, while muſie thus . a its Se 
ny oy Lebe to imitation. 0 


iT: kas been objected by 88 to 
modern Engliſh muſic, that the concert 
pitch has been injudiciouſſy altered. 
There is, ſay they, a certain ftretch, at 
which all ſtrings give their fineſt tones: 
that, in general, is the pitch which the 
other nations of Europe have found by 

experi- 


vherime 163 
ee to 7 their concert tone. In 
the colder climates, chis pitch, if it be 
altered at all, ſhould be let down; for 
ſounds ſtrike über in a cold air than in 
a warm, in froſt, for inſtance, than in 
the ſultry heats of autumn. A humid 
air alſo braces the ſtring, and only adds 
to the tenſion of firings already raiſed 
above their tonic + - 


10 al theſe FER I can only an- 
ſwer, that, whatever be our defects in 
this way, modern Italian muſic, (for the 
French need not be mentioned, as ſome 
will ſcarce allow that they have any) 
modern Italian muſic, I ſay, is ſtill more 
defective than ours. Whatever variety 
of expreſſion ours may want from too 
much harmony, theirs actually wants 
from a deficiency of genius. I have 
heard a judicious friend obſerve, that he 
thought all the modern Italian canta- 
ta's but a repetition of the ſame tune. 
In fact, though they at preſent aim ſo 
much at ſimplicity, contrary to what is 

155 M 3 : 9 
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uſually imagined upon this. ſubjeR, 

I baye heard a finger throw more ſong. 
into his voluntary cloſe, than che com- 
Poſer had given him im his part. But 
in proportion as the compoſers are ſteril, 

their performers are compelled to be 
wild, and to. make up in tawdry, ons- 
ment What the piece wants in ſolidity. 
Muſic, notwithſtanding, muſt be owned 
to have been indebted for many improve- 

ments to ſome. later compoſers. Alberti 
is graceful, Tartini delicate, Rameau, 
though a Frenchman, . often, ſublime :. 

Handel's -muſic is well adapted; but, 
Kier a Correlli is fill 1imindle. FRE 


"Tax who, W deſire: 2 .cboraugh . 
n of the mathematical princi- 
ples, upon which the ſcience of muſical 
compoſition. is founded, cannot have a 
better or more accurate guide than 
Smith's Treatiſe of Harmonics. They 
who. would deſire to conſider the ſcience 
in a more practical light, may conſult a 

wok bene time daes publiſhed by 
wile = Tartini, 
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Tartinii at Florence, entitled, Trattato 
della Muſica, in which he conſiders the 


ſcience both as a muſician and a philo- 


ſopher. Nor ſhould I paſs over the 


endeavours of Mr. Rameau upon this 
ſubject, in which he has attempted to 


give what he calls a new ſcale, conſiſting 
of eleven notes, each divided from the 
other by more exact proportions than in 


the preſent ſcale. This attempt, how- 


ever, is not new. In fact, it is no more 


than the ancient ſcale, propoſed near 


two thouſand years ago by Ariſtoxenus. 
A new ſcale would be, at preſent, the ſame 
thing as to introduce among mankind, an 


univerſal language: both might be more 


commodious and morerational. However, 
men are better pleaſed with travelling in 
an old road that they know, though 
longer, than in finding out an unknown 


but ſhorter path, that may at beſt but con- 


duct them to the ſame end, which the 


other did before. 
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x we were to n all nature for F 

4 place proper for augmenting and 
ang ſounds with moſt force, and 
with greateſt exactneſs, we ſhould find 
the human ear to be beſt formed for 
theſe purpoſes. By its admirable con- 
_ trivance it repeats ſounds of all kinds, 
admits the greateſt quantity into the 
ſmalleſt ſpace, and echoes each back 
without confuſion. Within the ſkull 
there is a large bony canal, that has one 
end opening into the ear, and the other 
running backwards with ſeveral turnings, 
ſomewhat reſembling the internal wind- 
ings of a common ſnail-ſhell, This la- 
byrinth is lined within by a very fine 
ſkin, which is but an expanſion of the 
nerves that ſerve for hearing, and which, 
. Uniting together towards the bottom, 
1 carry 
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| rarry the ſounds directly to the brain 
But before the ſound can come to the 


labyrinth, it muſt neceſſarily ſtrike 
againſt a thin ſkin, which is ſtretched, 


like the parchment of a drum, acroſs a 


paſſage that leads from the outward ear 


; into the mouth. This membrane or ſkin 


is called the drum of the ear, and, as in 
a common daum, there is a contrivance 
that ſeems calculated to brace or relax 


it at pleaſure. About the uſe of this 


drum modern phyhologiſts are divided. 
The common opinion is, that all ſounds 
muſt firſt ſtrike againſt his, and make 
its parts vibrate like a beaten drum, and 
that this vibration is communicated to 
the internal labyrinth, whoſe tremors 
correſpond, and thus the ſound is car- 
ried to the brain. They go on alſo to 
affirm, that when the drum of the ear is 
either too much relaxed, or totally de- 
ſtroyed, there can be no tremors of ſound 
conveyed to the labyrinth, and that 
therefore the perſon muſt become deaf. 
This doctrine, however, is contradicted 


by 
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by * who affirm, that _ hear 
perfectly well who have been totally de- 
prived of this ear-drum ; that others 
drive tobacco ſmoak, which they take in 
at their mouths, through both ears, and 
as in its paſſage it muſt neceſſarily be 
ſtrained through the drum of .the ear, 
(for. there is no other way by which it 
can paſs) they are apt to think that this 
membrane, which admits ſo groſs a fluid, 
cannot be the proper inſtrument for 
hearing. Beſides, all this, they affirm 
that birds, whoſe hearing is very exqui- 
ſite, are deprived of this apparatus, and 
therefore ſo may we, and yet ſtill con- 
tinue to hear. Theſe objections are 
ſtrong. The lateſt and moſt probable 
opinion therefore is, that the drum of 
the ear is not ſo much deſigned to ren- 
der us capable of hearing ſounds, (for 
we can hear without it) but to make us 
capable of exactly diſtinguiſhing them. 
To render us ſenſible of the difference 
between deep and ſhrill tones, or, as they 
are otherwiſe called, between ſounds that 
4 7 1 -- aro 
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are e graxe, and ſuch as are acute. For 
the reception of | a ſhrill tone the drum 
is braced tightly, and therefore vibrates 
with the ſwifteſt and ſhorteſt tremblings; 
in receiving the grave tones, it is braced 
more looſely, its tremblings . 
are * . and open. 


As a confirmation of this opinion, it 
is obvious, that thoſe who have the drum 
of the ear any way inflamed or diſor- 
dered, can bear to hear deep or grave 
ſounds; but the ſhrill and acute give 
them inexpreſſible pain. In order to pre- 
pare for the ſhrill ſound, the drum, as 
was ſaid, muſt be braced up tight, and 
this bracing will neceſſarily be as pain- 
ful as it would be to ſtretch out a finger 
ſtreight that was contracted by an in- 
flammation. However this be, the con- 
trivance for the increaſe of ſound in the 
ear is allowed to be admirable by all. 
Human ingenuity can make a machine, 
which may imitate viſion exactly; but 
nothing that the art of man can form 18 
found 
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n An e e as the human ear. | 
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Me o8T 3 we all 1605 are con- 


veyed to us on the boſom of the air. In 


whatever manner they either float upon it, 


or are propelled forward in it, certain it 


3s, that withoutthe vehicle of this or ſome 
other fluid, we ſhould have no ſounds at 
all. Let the air be exhauſted from a 


receiver, and a bell ſhall emit no ſound 


when rung in the void for, as the air 


: continues togrow leſs denſe, the ſound dies 


away in proportion, ſo that at laſt its 


> (i044 eee are CE res _ 


Tu. us. air is a lade far found. 


12 we muſt not with ſome phi- 


loſophers aſſert, that it is the only vehi- 
cle; that if there were no air, we ſnould 
have no ſounds whatſoever: for it is 


found by trial, that ſounds are conveyed 


through water almoſt with the ſame 


| facility with which they move through 
ait; a bell rung in water returns a tone 


as 
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= diſtinct as if rung in our aerial at- 
moſphere.” This was obſerved by Der- 
ham, who © alſo remarked, that the 
tone came a quarter deeper. Natural 
hiſtorians aſſure us alſo, that fiſhes have 
a ſtrong perception of ſounds, even at 
the bottom of deep rivers. From hence, 
therefore; we may, T think, reaſonably 
infer, that it is not very material in the 
_ Propagation of ſounds, whether the 
fluid which conveys. them be elaſtic or 
otherwiſe. Water, Which of all ſub- 
ſtances that we know, has the leaſt claf- 
ticity, yet ſerves to carry them forward; 
and if we make allowance for the dif- 
ference of its denſity, perhaps the 
ſounds move in it with a proportional 
rapidity, to what they are found to do 
in the elaſtic fluid of air. It may be 
faid, indeed, that the water conveys 
ſounds not of itfelf, but becauſe mixed 
with a- quantity of air, which is not 
totally deprived of its elaſticity ; that the 
ſound is carried forward by the vibra- 
tions of this. To this way of reaſoning 

wy we 
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we . nothing: it may 3 "I 
tify an hypotheſis well enough, but it 
will never * W it. 


On ching however 3 is certain, that | 
whether the fluid. which conveys. the 
note be elaſtic or non; elaſtic, whatever 
ſound we hear is produced by a. ſtroke, 
which the ſounding body: makes againſt 
the fluid, whether air or water. a The | 
fluid being ſtruck upon, carries the i im- 
pPreſſion forward to the ear, and there 
produces its ſenſation. . Philoſophers are 
ſo far agreed, that they all allow that 
ound! is nothing more than the im et. 
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air or Water, and this impreſſion aries 
along by, either fluid to the organ of 
bearing. But the manner in which this 
conveyance is made is ſtill diſputed: : 
Whether the ſound i is diffuſed into the 
air, in circle beyond circle, like the waves 
of water, when we diſturb the ſmooth · 
neſs of its ſurface by dropping in a 
ſtone, or whether it travels along, like 


rays 
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- nch el from a center, e 

the ſwift manner chat electricity runs 
along a rad of 3 iron; theſe are the que - 
tions which — Giride th tha learned: 


. * 
* 4 
. 9 4 
: * * . "7 Be gs 


ſound; by. an undulatory, or rather 
vermicular motion in the parts of the 


air, I u haze an 5549; idea, of he ? 


crawling, of 


UL * 


tolerahle notion of che progreſſion of It 
ſoynd; wpon this; hypotheſis. The i in- 
{eQ, for inſtance, in its motion ſirſt ca- 
ries ite contractians from the hinder 
part, in order to throw its fore part to the 
proper diſtance, then it carries its contrac - 


tions from the fare part to the hinder, 
to britig that forward. Something ſimi- 
lar to this is the motion of the air when 


ſtruck upon by a ſounding body. To 
be à little more preciſe, ſuppoſe ABC, 


(ſee fig. 53.) the ſtring of an harpſi- 
cho ſcrewed to a proper yo and 


drawn 


PER = or firſt * 4 
He has explained the progreſſion $f" 
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1 
drawn out of the hir line by the finger 
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at B. We formerly ſaid, that ſuch a 
ſtring would, if let go, vibrate to E, and 


from E to D, and back again. We ob- 
ſerved, that it would continue this to 


vibrate like a pendulum for ever, if not 


2 externally reſiſted, and, like a pendu- 
lum, all its little vibrations would be 

performed in equal times, the laſt and 
the firſt being equally long in perform- 


ing. We ſhewed alfo that, like a pen- 
Aaulum, its greateſt fwiftneſs would al- 


6 ways be when i it arrived at E, the middle 
part of its motion. Now then; if this 

ſtring be ſuppoſed to fly from the finger 
at B, it is obvious, that whatever be its 


on motion, ſuch alſo will be the mo- 
tion of the parts of air' that fly before it. 


Its motion, as is obvious, is firſt uni- 
formly accelerated forward from B to E, 
then retarded as it goes from E to D, 
accelerated back again as it returns 
from D to E, and retarded from E to B. 


This motion being therefore ſent in ſuc- 


Fen e a range of elaſtic air, it 


17 | | muſt 
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muſt happen, that the parts of one range 
of air muſt be ſent forward with acce- 


| erated motion, and then with a retard 


ed motion. This accelerated motion 


"ws 


reaching the remoteſt end of the firſt 


range will be communicated to a ſe- 


cond range, while the neareſt parts of 


the firſt range being retarded in their 


motion, and falling back with the re- 
ceſſion of the ſtring, retire firſt with an 
accelerated, then with a retarded mo- 


tion, and the remoteſt parts will ſoon 
follow. In the mean time, while the 


parts of the firſt range are thus falling 


back, the parts of the ſecond range are 


going forward with an accelerated mo- 


tion. Thus there will be an alternate 
condenſation and relaxation of the air, 


during the time of one vibration; and 


as the air going forward ſtrikes any op- 
poſing body with greater force than up- 
on retiring, ſo each of theſe accelerated 


progreſſions have been called by New- 


ton a pulſe of ſound. 
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nus wit the air be driven forward 


in the direction of the firing. But now 


we "muſt "obſerve, that theſe pulſes will 
move every way; for all motion im- 

preſſed upon fluids in any direction 
Whatſoevef, operates all around in a 
ſphere: To that ſounds will be driven in 
at directions, backwards, forwards, up- 


. Wards, downwards, and on every ſide. 


They will on en ſucceeding each other, 


one without ſide the other, like circles in 


diſturbed water; or rather, they will lie 


ene without the other, in concentric 


wells, "hell above ſhell,. as we feel in n the 


. on ff + 


1 N 


ALL who have celurkbes the tone of 
a bell, while its ſounds ' are "decaying 


away, muſt "have an idea of the pulſes 


of found, which, according to Newton, 


are formed by ihe air's alternate pro- 
greſſion and receſſion. And it muſt be 
obſerved, that às each of theſe pulſes are 


formed "UP a ſingle vibration of the 


ftring, 


, 
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firing; they muſt be equal to each other ; 4 
for the vibrations of the ſtring are 

| known to be ſo. 

Ak IN, as to oh velotith with which 
| unde travel, this Newton determines, 
by the moſt difficult calculation that can 
be imagined, to be in proportion to the 
thickneſs of the parts of the air, and the 
diſtance of theſe parts from each other. 
From hence he goes on to prove, that 
each little part moves backward and for- 
ward like a pendulum; and from thence 
| he proceeds to demonſtrate, that if the 
atmoſphere were of the ſame denſity 
every where as at the ſurface of the earth, 
in ſuch a caſe, a pendulum that reached 
from its higheſt ſurface down to the ſur- 
face of the earth, would by its vibrations 
diſcover to us the proportion of the ve- 
locity with which ſounds travel. The 
velocity with which each pulſe would 
move, he ſhews, would be as much 
greater than the velocity of ſuch a pen- 
dulum ſwinging with one complete vi- 

Ne, bration, 


* 
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bration, as the circumference of a circle 
is greater than the diameter. From 
hence he calculates, that the motion of 
ſound would be nine hundred and ſe- 
venty- nine feet in one ſecond. But this 
not being conſonant to experience, he 
takes in another conſideration, which 
deſtroys entirely the rigour of his former 
demonſtration, namely, vapours in the 
air, and then finds the motion of ſound 
to be one thouſand one hundred and 
forty- two in one ſecond, or near thir- 
teen miles in a minute: a proportion 
which experience had eſtabliſhed * 
| before. 


Tus much will ſerve to give an ob- 
ſcure idea of a moſt obſcure theory : a 
theory which has met with numbers of 
oppoſers; ſome more forward, condemn- 
ing what they thought they knew, but 
did not really underſtand; others more 
prudent, condemning the whole doc- 
trine, not as falſe, but becauſe obſcure. 
Even Jon Bernouilli, Newton's greateſt 
diſciple, 
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diſciple, modeſtly owns that he did not pre- 
tend to underſtand this part of Newton's 
Principia. He attempted therefore to give 
a more perſpicuous demonſtration of his 
own, that might confirm and illuſtrate 
the Newtonian theory. The ſubject 
ſeemed to reject elucidation: his theory 

is obviouſly wrong, as D'Alembert has 
proved in his Theory of Fluids, Euler, 
therefore, rejecting the Newtonian doc- 
trine entirely, has attempted to eſtabliſh 
another; but as he. has hitherto only 
given the reſult of his calculations, with- 
out the progreſſive proofs that con- 
firm his opinion, the learned continue 
in ſuſpenſe as to the merit of his work. 


VaRIous have been the objections 
that have been made to the Newtonian 
ſyſtem of ſounds. Firſt, it 1s urged, 
that if the firſt pulſe of ſound be driven 
- by that which immediately follows, and 
that by the ſucceeding, and ſo on, it muſt 
then happen, that the more numerous the 
pulſes, the farther will the ſound be 
| „ . _ drivens” 


150 4 Svaver of 
driven; ſo thata firing which "I the 


longeſt will be heard at the greateſt c di- 


ſtance, which i is contrary to known ex- 
| perience. Again, it is urged, that this 
6 theory” can only agree. with the motion 
of ſound in an elaſtic fluid, whereas 
ſor unds are known to move forward 


„ K os 


through v water that j is not elaſtic: to ex- 


water, a fond henry muſt be . : 


ſo that two theories muſt be made to ex- 


plain: a ſimilar effect, which is contrary 
to the ſimplicity of true philoſophy, for 


it is contrary to the ſimplicity of nature, 


It is till farther urged, that this ſlow 
vermicular motion but ill, repreſents 


the velocity with which ſounds travel, as 
we know by experience, that! it is almoſt 


thirteen miles 1 in a minute. In ſhort, it 


is urged, that ſuch undulations as have 
been deſcribed, when coming from ſeve- 
ral ſonorous bodies at once, would croſs, 


obſtruct, and confound each other; : ſo 


that, if they were conveyed to the ear by 
this means, we ſhould hear nothing but 


a med- 


7 
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2 medley of diſcord, and. broken articu - 
lations. But this is equally with the reſt 
contradictory to experience, ſince we hear 


the fulleſt concert, not only without con 
fuſion, but with the higheſt pleaſure. 


Theſe objections, whether well founded 


or not, have given riſe to another theory. 
The reader muſt judge for himſelf, which 


of the two he will prefer: non neftrum eft” 
tantas e Hes. 


Every Gund may be confidered : as 
driven off from the ſounding body in 
ſtraight lines, and impreſſed upon the air 
in one direction only; but whatever im- 
preſſion is made upon a fluid in one di- 
rection, is diffuſed upon its ſurface into 
all directions: ſo that the ſound firſt 
driven directly forward ſoon fills up a wide 
ſphere, and is heard on every ſide. Thus, 
as it is impreſſed, it inſtantaneouſly tra- 
vels forward with a very ſwift motion, 
reſembling the velocity with which we 
know electricity flies from one end of a 
line to another. 

„ N 4 Now, 


„ 
U 
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Now, as to the pulſes, or open makes 


as. the muſicians 'expreſs it, which a 


ſounding body i is -known to make, a little 
reflection may ſerve to ſhew, that each 


pulſe is itſelf a diſtinct and perfect ſound, 


and that the interval between every two | 
pulſes is profoundly ſilent. Continui ty 


of ſound from the ſame body is only a 


5 deception of the hearing; for as each 
diſtinct ſound ſucceeds at very ſmall in- 


tervals, the organ has not time to tranſ- 


mit its images with equal ſwiftneſs to the 


mind, and the interval is thus loſt to 


ſenſe; juſt as in ſeeing a flaming torch, 


if Aared round in a circle, it appears as a 


ring of fire. In this manner a beaten 


drum, at ſome ſmall diſtance, preſents us 


with the 1dea of continuing ſound. When 


children run with their ſticks along a rail, 
a continuing ſound is thus repreſented, 
though it need ſcarce be obſeryed, that 


the ſtrokes againſt each rail is al 
Liſtin® and inſulgted. | 


ACCORD- 
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| AccorDiING 40 this theary, therefore, 
che pulſes are nothing more than diſtindt 


"ſounds repeated by the ſame body, the 
firſt ſtroke or vibration being ever the 


loudeſt, and travelling farther than thoſe i 
that follow; while each ſucceeding vi- 
bration gives a new ſound, but with di- 


miniſhed force, till at laſt the pulſes de- 


cay away totally, as the force decays that 


gives. them exiſtence. 


* 


AL L bodies . that are efiruck, 
return more or leſs a ſound; but ſome 


' wanting elaſticity, give back a repetition 


of the ſound; the noiſe is at once be- 
gotten and dies; while other bodies, how- 
ever, there are, which being more elaſtic, 


and whoſe parts are capable of vibration, | 


give back a ſound, and repeat the ſame 
ſeveral times ſucceſſively, Theſe laſt are 
ſaid to have a tone; the others are not 
allowed to have any. 


Puls tone of the elaſtic ſtring or bell 


18 notwithſtanding nothing more than a 
| „ 


5. 


r eb r 


ſimilar ſound to what the foriner bodies 
produced, but with the differenbe of be- 
ing many ümes repeated, while their 
note is but ſingle. 80 that, if we would 
give the former bodies a tone, it will be 
neceſſary to make them repeat their 
ſound, by repeating our blows 1 
upon them. This will effectüally gi 
them a tone, and even an unmuſical Yu 
ſtrument has often had a fine effect by 
its tone in our concerts. 


Lr us now go on * to 8 
that by ſwift and equably continued 
ſtrokes we give any non- elaſtic body its | 
tone, it is very obvious, that no altera- 
tions will be made in this tone by the 
n quickneſs of the ſtrokes, though repeated 5 
never ſo faſt, Theſe will only render the 
tone more equal and continuous, but 
. make no alteration in the tone it gives. 
On the contrary, if we make an alteration 
in the force of each blow, a different tone 
will then undoubtedly be excited. The 
difference will be ſmall, 1 muſt confeſs, 

= TEL; for 
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fer the tones of theſe inflexible bodies 


are capable but of ſmall variation; ho- - 
ever, there will certainly be a difference. 
The table on which I write, for inſtance, 


will return a different ſound when I 
ſtrike it. with a club, from what it did 
When Lonly ſtruck it with a ſwitch. Thus 

non · elaſtic bodies return a difference of 
tone, not in Proportion to the ſwiftneſs 


| with which. their ſound is repeated, but- 


in proportion to the greatneſs of the 
' blow. which produced it; for in two 
equal non: elaſtic bodies, that body pro- 
duced the deepeſt tone that was ſtruck 


by the greateſt blow, 


We now 1 then come to a critical queſtion, 


. What is it that produces the difference 
of tone in two elaſtic ſounding bells or 


ſtrings! Or what. makes one deep and 


the other ſhrill? This queſtion. has al- 


ways been hitherto anſwered by ſaying, 
that the depth or heighth of the note 


proceeded from the ſlowneſs and ſwift- 
neſs of the times of the vibrations. The 


ſloweſt 
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loweſt vibrations, it has been ſaid, are 
qualified for producing the deepeſt tones, 

— while the ſwifteſt vibrations produce the 

- higheſt tones. In this caſe an effect has 
been given for a cauſe, It is in fact the 
force with which the ſounding ſtring 
ſtrikes the air when ſtruck upon, that 

makes the true diſtinction in the tones 
of ſounds. It is this force, with greater 
or leſs impreſſions, reſembling the greater 


or leſs force of the blows upon a non- 


elaſtic body, which produces correſpon- 


dent affections of ſound. The greateſt 


forces produce the deepeſt ſounds: the 
high notes are the effect of ſmall efforts. 
In the ſame manner a bell, wide at the 
mouth, gives a grave ſound; but if it 
be very maſſy withal, that will render 


it ſtill graver; but if maſſy, wide, and 


long or high, that will make the tone 
* of all. 


Tavs then will elaftic bodies give the 
deepeſt ſound, in proportion to the force 
with which they ftrike the air; but if 
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we ſhould attempt to increaſe their force 


by giving them a ſtronger blow, this will 
be in vain: they will ſtill return the ſame 


8 tone; for ſuch is their formation, that 


they are ſonorous only, becauſe they are 
elaſtic, and the force of this elaſticity is 
not increaſed by our ſtrength, as the 
greatneſs of a pendulum's vibration will 


not be increaſed by falling een a greater 


ay. ky 


Tr far of the lengths of cords; now 


as to the frequency with which they vi- 
brate the deepeſt tones, it has been found, 
from the nature of elaſtic ſtrings, that 


the longeſt ſtrings have the wideſt vibra- 


tions, and conſequently go backward and 
forward ſloweſt; while, on the contrary, 
the ſhorteſt firings vibrate the quickeſt, 
or come and go in the ſhorteſt intervals. 
From hence thoſe who have treated of 
- ſounds have aſſerted, as was ſaid before, 
that the tone of the ſtring depended up- 
on the length or the ſhortneſs of the vi- 
brations. This, however, is not the caſe. 

1 1 One 
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One ey the ſame ſtring, . RY 
muſt always, like the ſame pendulum, 


” return preciſely. ſimilar vibrations; but 


it is well known, that one and the ſame 
ſtring, when ſtruck upon, does not al- 
ways return preciſely the ſame tone: ſo 
that in this caſe the vibrations follow one 
rale, and the tone another. The vibra- 
tions muſt be invariably the ſame in the 
| ſame ſtring, which does not return the ſame 
tone invariably, as is well known. to mu- 
ſicianaan general. In the violin, for in- 
ſtance, they can eaſily alter the tone of 
the ſtring an octave or eight notes higher, 
by a ſofter method of drawing the bow z 
and ſome are known thus to bring out 
the moſt charming airs imaginable. 
Theſe peculiar tones are by the 'Engliſh 
fidldlers called Flute Notes, if I miſtake 
not. The only reaſon that can be aſſign- 
ed for the ſame ſtring thus returning dif- 
ferent tones, muſt certainly be the dif- 
ferent force of its ſtrokes upon the air. 
In one caſe, it has double the tone of 
the other, becauſe upon the ſoft touches 
A 4 N 


| of the bow, only Half f its elaſticity is 
put into vibration, : es 
Tas being de edc we mall be 
able clearly to account for many things 
relating to ſounds that have hitherto been 
| ingxplicable. Thus, for inſtance, if it 
be aſked, When two ſtrings are ſtretched 
together of equal lengths, tenſion, and 
thickneſs, how does it happen, that one 
of them being ſtruck, and made to vi- 
brate throughout, the other ſhall vibrate 
throughout alſo ? The anſwer is obvious: 


the force that the ſtring ſtruck receives is 


communicated to the air, and the air 
communicates the ſame to the ſimilar 


ſtring, which therefore receives all the 


force of the former, and the force be- 


ing equal, the vibrations muſt be ſo too. 
Again put the queſtion, If one ſtring be 
but half the length of the other, and be 
ſtruck, how will the vibrations be? The 


anſwer i is, the longeſt ſtring will receive 
all the force of the ſtring half as long 


as itſelf, and therefore it will vibrate in 


Pro- 


þ 
BF. & 4 
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| proportion, thatis, throughhalf i its lineth | 
In the ſame mannet, if the longeſt ſtring. 
were three times as long as the other, 
it would only vibrate in a third of its 
length: or if four times, in a fourth of its 
length. In ſhort, whatever force the 
ſmaller ſtring impreſſes upon the air, the 
air will impreſs a ſimilar force upon the 
longer fring, and partially excite Its 


vibrations. wing 


* 


Fron hence allo we may account for 
the cauſe of thoſe charming, melancholy 
| gradations of ſound in the Folian Iyre, 
a modern inſtrument, invented by Mr. 
Oßwald. The Eolian lyre is eafily made, 
being nothing more than a long narrow 
box of thin deal, about a yard long, and 
four inches wide, with an hole on one 
ſide. On this ſide are ſeven ſtrings of 
very fine gut, ſtretched over bridges at 
each end, like the bridge of a fiddle, and 
ſcrewed up or relaxed with ſcrew pins. 
The ftrings are all tuned to one and the 
fame note, and the inſtrument 3 18 placed 
in 


— 
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in ſome current 4 of - air, where the wind 
can bruſh. over its ſtrings with free- 
dom. A window with the ſaſh juſt 
raiſed, to give the air admiſſion, will au- 
ſwer this purpoſe exactly. Now when 

| the entering air blows upon theſe ſtrings 
with different degrees of force, there 
will be excited different tones of ſound ; 
ſometimes the blaſt brings out all the 
tones in full concert; | ſometimes it ſinks 
them to the ſofteſt murmurs; it feels 
for every tone, and by its gradations | 
of ſtrength ſolicits thoſe gradations of 
ſound, which art has taken different 
| methods to produce. nds 


| we come now, in the laſt place, to 
conſider the loudneſs and the lowneſs, 
or as muſicians ſpeak, the ſtrength and 
ſoftneſs of ſounds. In vibrating elaſtic 
ſtrings, the loudneſs of the tone is in 
propottion to the deepneſs of the note; 
that is, in two ſtrings, all things in other 
circumſtances alike, the deepeſt tone will 
be loudeſt. In muſical inſtruments, 
—_— upon 
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upon a different principle, 4s in e 


violin; i it is otherwiſe ; the tones ate mide 
in ſuch inſtruments, LE a number of ſmall 
vibrations crowded into one ſtroke. The 
refined bow, for inſtance, being drawn 
along a firing, its roughneſſes catch the 
firing at very ſmall intervals, and excite 
its vibrations. Int this instrument, there- 
fore, to excite loud tones, the bow muſt 
be drawn quick, and this will produce 
the greateſt number of vibrations, But 
it muſt be obſerved, that the more quick 
| the bow paſſes over the firing, the leſs apt 
Will theroughneſs of its ſurface be to touch 
the firing at every inſtant; to remedy 
this, therefore, the bow muſt be preſſed 
the harder as it is drawn quicker, and 
thus its fulleſt ſound will be brou, ght 


from the inſtrument. If the tft 


of the vibrations i in an inſtrument thus 
rubbed upon, exceed the force of the 
deeper ſound in another, then the ſwift 
_ Vibrations will be heard at a greater 
| diſtance, and as much farther off, as the 
 ſwiftneſs 
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ſwiftneſs in them exceeds the . in 
the other. ed 
pur one ching x more remains. It may 
be objected to this theory, that if the 
tone of a ſtring was cauſed by the force 
ol its ſtroke, then thoſe parts of the air 
that were neareſt the ſounding body would 
de imprefſed with the greateſt force, and 
would therefore give the greateſt or 
deepeſt tone; while, as the ſound went 
off to a greater diſtance, and the force 
became conſequently leſs, the tone would 
become leſs © alſo; - or, in other words, 
grow higher and higher: but this, con- 
tinue the objectors, is known, by expe- 
rience, to be otherwiſe, To this it might 
be anſwered, that the force once im- 
preſſed continues ever the ſame. But, 
in fact, I am apt to allow their objec- 
tion, but to deny their coneluſion. I am | 
inclined to believe that the tone actually 
alters as it. travels onward, becoming 
higher, as it recedes from the ſounding 
body. I would offer the following rea- 
„ ſons 
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* ſons. r this opinion, rather as motives 
to excite farther ſearch, than as deciſions 
to ſatisfy curioſity. In hearing diſtant 
ſounds, it is probable, we labour under 
the ſame continual deceptions which we 
do in ſeeing diſtant objects; the judg- 
ment in both is ever correcting the er- 


A roneous reprefentation. of the ſenſes. A 


man, when ſeen at a mile's diſtance, ap- 
pears actually but a few inches tall, yet 
the perſon who ſees him, would be ſur- 
Priſed, if told, that what he ſaw. was 
an object no bigger than his finger. It 
may be the ſame with ſounds; the tone 
may diminiſh by diſtance, and yet we 
may not be ſenſible of it without a nice 
compariſon. It may be added, that as 
viſual objects, when placed at a diſtance, 
fade from the fight, and aſſume the 
colour of the air as they remove; ſo 
| ſounds, to uſe the painter sword, may have 
their keeping in like manner, and thus 
by becoming indiſtinct and low. 


THAT 
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THAT we labour under a deception | 
with regard to tones, and that they be- 


come higher as they come from a greater 


diſtance, may be inferred from muſical 


compoſition. The greateſt maſters in 


this art, when they would imitate a diſ- 


tant echo, generally take the ſounds an 


octave higher. A few years ago, a fel- 


low exhibited in Weſtminſter, the art 
of 1 imitating ſounds at any diſtance what- 
ever. I remarked, that whenever: he 


deſigned to imitate a voice coming from 


a great diſtance, - he not only made 
the ſound more low and indiſtinct, but 


raiſed the tone ſeveral pitches higher 


than that uſed in his nearer imitations, 
A few. obſervations ſince made upon 
ſounds, induce me to believe, that they 


become higher as they come from a. 


diſtance more remote ;. while, on the 
contrary, that they deepen, the more the 
vibrations approach the labyrinth of the 
ear. The following. eaſy. and common 


: experiment I think will prove it. Take 


any thing whatever, capable of giving a 
083 ſound; 
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found; let it be a common. poker, for 
inſtance; and tying on a garter at top, ſo 
as that both ends of the garter are left at 
. liberty ; theſe ends muſt be rolled round 
the firſt finger of each hand, and then 
_ with theſe fingers ſtopping the ears cloſe, 
ſtrike the poker, thus ſuſpended, againſt 
any body whatſoever. The depth of the 
tone which this new muſical inftrument 
returns will be amazing. The deepeſt and 
largeſt bell will not equal it. Whence 
is is, unleſs from the cloſe approach 
of the founding body, whoſe vibrations 
are immediately communicated to the 
_ Internal parts of the car. I am ſen- 
ſible that many objections may be made 

| to this laſt opinion; ſueceeding expe- 
ace muſt, Hotrever, determine whe- 
ther it be juſt or not: but ſuch as make 
them muſt be particularly careful, not 
to let their former experience! eorrect 
their iminediate ſenſations. | This alter- 
ation of tone, with diſtance, however, 
maſt diminiſh” but by great intervals. 


1 2 feſt part of this e — to 
me 
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me-very Probable, whatever befalls tho 
latter part of it. Some of the outlines 
are taken from ſome hints ed by 
un Buitan- 


E it may. be with regard to 
the theories of ſound, experience has 
taught us, that it travels at about the 
rate of 1142 feet in a ſecond, or near 
_ thirteen miles in a minute. The method 
of calculating its progreſs i is eaſily made. 
known. When a gun 1s diſcharged at 
a diſtance, we ſee the fire long before 
we hear the ſound. If then we know 
the diſtance of the place, and know the 
time of the interval between our firſt 
ſeeing the fire and then hearing the 
report, this will ſhew qys exactly the 
_ the ſound has been travelling to 


For inſtance, if the gun is diſ- 


3 a . aff, the moment the 


flaſh is ſeen, I take a watch and count 
\ the ſeconds till [ hear the ſound ; the 
number of ſeconds i is the time the found 


des been travelling a mile. 8 
WS bann 


FEY 


Danna has gone yet far 

ans: by experience, that all ſounds 
whatever travel at the ſame rate. The 
ſound of a gun, and the ſtriking of a 
hammer, are equally ſwift in their mo- 
tions ; the ſofteſt whiſper flies as ſwiftly, 
as s Far as it Soes, as the > loudeſt thunder. ö 


4 Sv fr of 


-As bond is commuinitaſed! from a 
ſingle point, in every direction, it muſt, 
of conſequence, diminiſh in ſtrength the 
farther it goes All bodies ſent out 
directly in Gs from a center, meet 
greater reſiſtances, as the ſquares of 
their diſtances became | greater; and 
therefore the progreſs of ſounds will 

be reſiſted in proportion, as as their diſ- 
tances, by: beintz ſquared, Increaſe. 


þ = #4 + 


| Tus, however, muſt not be cooks 
dered as a conſtant rule; for when a 
ſound travels againſt the wind, it takes 
a wp time than when it flies before | 
Of conſequence it goes faſter one 
way than the other, and thus, as it is no 
longer 


ft ue nd: = 
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loiger'diffuſed | in à ſphere, the law of 


its progreſs forward muſt alſo be altered. 


Ulloa thinks chat the ſame ſound which, 
againſt a ſtrong wind, travels nine miles 
and a half, would, if it went with che 
wind in the ſame time, tray 

n Aa half, that is a whole mile firthor: 
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Fo drive the human voice to Negra i 


diſtance, we are obliged to make uſe of 
art. The inſtrument called the ſpeak- 


ing trumpet is well-known at land; but 


it is indiſpenſably neceſſary at ſea. The 
voice reflected from the ſides of this 
tube, which is made pretty much in the 
figure of an huntſman's ſtraight horn, is 
encreaſed at its mouth, and thus, a as it i 


ſaid, ftrikes the air with greater force. 
There are very different opinions, both | 
with reſpect to the manner in which the 
ſpeaking trumpet increaſes ſound, and 


alſo with regard to the beſt figure of ſuch 
an inſtrument ; the logarithmic curve 


has been adopted by ſome, and the para- 


pen curve by others; it is is for geometri- 
| cians 
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cauſe and; patpre..of an echo... * js 

a reflection of ſound, firiking againſt 
fome Obiect, as an image is refleied in 
A glaſs. If this, however, were the. caſe, 
| 2 badies with à ſmooth ſurfage wauld 
he capable of reflefting ſounds. which 
weiknow, hy n, they n got. 
That the ſound is r none eas de- 
uy, tha great 2 Jies in deter- 
mining what are the praper qualitiss in 
a body fer thus refle@ung ſounqα,. Ware 
be Able 60 elm AB echo. At pleaſure ; 

but ſome have found. to their. coſt, that 
ſuch an attempt is im pra cieable; whatr 
ever arts they have tried to bring the 
£97. ns a —— 


eee, content with dias: and 
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as + to - 


e 3 
rottoes, mountains, and ruined build- 
= return this image of ſound. Image 
we way call it, for in every reſpect it 

2 viſible Shes ung 


NN 
"+ 


ima e of ourſelves, we 
muſt he dire — hag 
Juſto is it in an echo; we muſt ſtand 
in the line in which the ſound is re- 
flected, or the repetitio will be loſt to 
us. while it may, at the ſame time, be 
aiftin by others who ſtand at a 
| ſmall diftanceto one ide of us. Iremem- 


perſon — he only heard hie prog 
a voice; without any repetition, on the 
cy 


+: 


202 ith SUN VU N A. 
bestmby, thoſe who Mood At ſome diſ- 
ſtance, heard the echo but not the voice; 
but then they heard it with ſurpriſing 
a Ins,” ſometimes louder, ſometimes 
ſofter; now more near, then more diſ- 
tant. There is an acebunt in the me- 
moirs of the Freneh academy, of a ſimi- 
lar echo near Rouen The building | 
which returns it-is{a-ſemicirciilar court- 
yard z yet all buildings of the ſame form | 
do not produce the ſame effects. We 
find ſome muſic halls excellently — 
ed for ſounds, while others, built: upon 
the ſame plan, in: a different place, are 
found to mix the tones, inſtead of en- 
larging . in a _ - R 
manner. il is Hoke „ Salt oh 
allah ve „e — | Mk of n 
buy the length of time a ſound takes to 
travel from them, ſo we may judge of 
the diſtance of an echo, by the length of 
the interval between our voice and its 
repetition. The moſt deliberate echoes, 
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as thi 7 are! called; axe ever the moſt 
diſtant 3 while. on the; contrary, thoſe 
that are very near, return their: r ſounds ſo 
very quick as to have the interval almoſt 
imperceptible; when this 3 18 the caſe, and 
the echo is ſo very near, the voice is ſaid to 
be increaſed and not echoed; however, 
in fact, the increaſe is only made by the 
| ſwiftly purſuing repetition, Our the- 
atres and concert rooms are. beſt fitted 
for muſic or ſpeaking, when they en- 
large the ſound to the greateſt pitch, at the 
ſmalleſt interval: for a repetition which 
does not begin the word till the ſpeaker has 


finiſhed it, throws all the ſounds into 


confuſion. Thus the theatre at the Hay- 
market, enlarges the ſound very much; but 
then, at along interval, after the ſinger or 


| ſpeaker. The theatre at Drury-lane, 


before it was altered, enlarged the ſound 
but in a ſmall degree; but then the re- 
petition was extremely quick i in its pur- 
ſuit; and the ſounds, when heard, were 
therefore heard diftincUy. Dergoliſe, the 


5 5 TY great 


Fd 


| en | n al 6 208 


CHAP; al. 


58 — 
winch have not bern yet accu. 


ESI DE theſe propertics-of the aim 
there are ſeveral others the oaufes 
of which are more obſcure, or to ſpeak 
more ingenuouſly, the cauſes of which 
we are not able to aſſign with ſo ſtrong 
an appearance of truth. Boyle has 
given us a chapter expreſsly upon this 
ſubject; where like a true philoſopher 
be confeſſes the limits of his own 
powers, and where he cannot find the 
true cauſes, refaſes to give conjectural 


ones. The vital principle of the air is one 


of its properties which cannot be account- 


that principle which it is poſſeſſed: of in 
feeding flame, is alſo equally inſcru- 
table; it is driven off by heat, yet ſtill 
4 oY . more 


ed for, and which foil human ſagacity : 
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more Arange, heat cannot be a 
without it. $ | | 
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The power it has of whitening ſome 
; bodies and tanning others, is a property 
we may admire, but cannot account for. 
We are at a loſs alſo to account for the 


5 aptitude of the air, in keeping hetero- 


geneous bodies ſupported on its boſom, 
while the heavier vids of the fame 
region and the ſame place are quite free 
from thoſe ſubſtances. Thus it is often 
found, that the air of ſome countries 1s 

: extremely unhealthful and noxious, 
| while the waters of the ſame place are 

_ admired for their ſalubrity. We have a 
Hort memoit of one of the members of 
the Academy of Sciences in Paris to 
_ this purpoſe; © A maſon working by 
the fide of a deep well near the city of 
Rennes, happening to let his hammer 
fall, one of the labourers who attended 
him, went down, but was ſuffocated be- 
fore he reached the bottom: the ſamething 
| befel a ſecond, who went down to draw 
1 | 5 
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up the body; a third alſo underwent the 
ſame fate: a fourth, almoſt drunk, was 
let down, but with poſitive aſſurances 
to be drawn up the moment he gave the 


ſignal; this he quickly gave, but wat | 
_ drawn up ſenſeleſs, and died in three: 
days after. The moſt extraordinary cirz 

cumſtance of the relation is, that the water 
of this well had long been uſed by the 
neighbourhood wirhout any noxious 5 | 
feet — ; 


| Akorits ER of the air 8 inſcrutable qua- 

tles is, that if kept for ſome time 
incloſed in a veſſel without any commu- 
nication with the external atmoſphere, it 
becomes deadly and peſtilential in the 
higheſt degree; all animals that are 
obliged to reſpire i in it inſtantly die. We 
have andther account of the peſtilential 
effects of cloſe air, related in the ſame 
work: © A baker of Chartres had a 
cellar under his houſe, to which there 
was a deſcent by a ſtaircaſe of thirty-ſix 
ſteps. Thither his ſon, a ſtrong young 
ns © SS - __ ma 
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man, nn to carry down a Abe ting 
hut while he was on the ſteps Ihe 
candle was extinguiſhed, Vnconcetned 
at this, which he regarded. as am gebident; 
8 ne capdiejand again 
but as ſoon as .hegcame to 


| 5 loweſt ep he, cxicd out; that he was 
vgable- death, interrupted; the, ,exela; 
mation. His brother, a. youth 281167 
markable. for o ſtrength, ag the former, | 
inſtantly ran down to his. aſſiftancs a hut 


ſoon cried out * he was dying, and 
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at this, che next ch a. riend o 195 he 
baker's s Was let 858 into the 2 
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dGinpred tö Gr. Hin lüp again] Bur the 
_ eor@ breaking he fell into the cellat at 
was ſuffoeated alta. 2105 900 $343: 


Y bunon 81 bs | 


Tun blood veſſels of che brain upon 
diſſection appeared Aiſtefided, arid! the 
bowels :inflamed: Upontthrowing in 4 
large quantity. of water into] the cellar 
theſe moxious effects were diſpeiſedʒ and 
u canllleb having hehniclete down was 


drawn up without being put out, a cerc 


tain indication of the eenterburt 
theair. 9111 10 29110987 bed nail aw 


5 is bil fl 10 12 int D. Oo} 10 


Arb tr property ef the alt; which 
has oviyet been aeehunted for, 5 . that 
globylarifigute its: partt aſſume; when the 


air, hy means 6f ther Pump, er by fire is 


bree out obÞ:thed ſabſtimcesVints which 
zit ylias'iinfirulted:11The- hubbles in 
his cafe arena) wayebround) add though 
the bubble happens io ſweoll boa thouſand 


times its former dimenſions; yet its glo- 


bular figure ſtill remains: Can the 


A gar of which theſe" globules Are 


lues ä compoſed 
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compoſed be round the Ives 
any number of globes by being in con- 
tact one with the — er * figure 
that 1 is round * 


x 


or of alu the inſcrutable beer | 

5 Feen that by which it conveys ſounds 
from one place to another, is at preſent 

_ eſteemed the. moſt obſcure: in the laſt 
age, when a philoſopher would bluſh if 
he could not be thought to aſſign a 
ready cauſe for every effect in nature, 
we then had theories of the progreſſion 
of ſound through an elaſtic fluid, and 
ſuch were generally embraced by the 
learned. Theſe theories, it muſt be 
owned, though they added nothing to a 
ſcholar's former fund of learning, yet 
ſerved to conceal the bounds of what he 
knew; for an obſcure anſwer will always 

' ſatisfy 'the demands. of inquiſitive ig- 

norance, and create its eſteem: however, 
the doctrine of ſounds is now acknow- 
ledged the moſt obſcure part of na- 


* 8 gs * reaſon may be 
by eaſily 
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eafily aſſigned. Newton attempted it 
without ſucceſs; and ſucceeding philo- 
ſophers have not had talents equal to the 
elucidation of what he left obſcure. 
The two minims, Le Sueur and Jac- 
quier, who commented upon his Prin- 
cipia, have proved the Newtonian hy- 
potheſis, relating to the motion of the 
particles of an elaſtic medium, to be fal- 
lacious, and have propoſed other methods 
for reſtoring the Newtonian doctrine of 
ſound; but neither have their explana- 
tions carried univerſal conviction; a 
preſumptive proof of their weakneſs or 


obſcurity. 
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d ahigue Jatet, naturam. amploctitur omnem, 
[Suns pariee reporaty idle, lf fre voa 
kad opetties'of Pite 
» ehiltherate by A modern wit; 
And möthhfg can beat bh more full am 
more conelſa l thingeevrtain Fire] ſxys 
1197 "4 he, 
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he, in ſome degreez it >duce: 1 en 
divides, conſumes, or nouriſhes every 
Part of Nature: 5 every perſon's expe- 
rience muſt inform him of the obvious 
properties of Fire; and in fact, philoſo- A 
phers more readily prove its exiſtence, 8 
than give its definifich. a 


wn Ar is Fire? ? Th 16.16 A Queſtion 
which hasdividedthe greateſt men, as well 
among the ancients! as maderhs of thelat- 
ter, Boerhaave, Homberg, and Lemery, 
 Tuppoſe fire to be a body actually exiſting, 
like air, water, or ariy «ther fluid, and 
diffuſed through all nature. It is to be 
found, ſay they, in all places and in all 
things, only wanting to be collected 
into a narrow. compaſs, in order to be- 
come manifeſt to the ſenſes. They ſay, 
that, upon uniting with other Bodies,” it 
not only increaſes their bulk, but their 
weight alſo. That it ſometimes; is col- 
lected in ſuch a manner, that ſome of its 
properties only appear, as when it ſhines | 
thou burning: * other times diffe- 


rent 


; & 


— Philoophy. 

| ent tbperties are collected, and it Wh 
without N as: in metals honed = 

@ certain pitch, _ 


10 dle 3 philoſoghers are 
oppoſed - no leſs names than Bacon, 
Boyle, and Newton: theſe deny thay 
fire is by any means itſelf a body, but 
only ariſes fram the attrition or rubbing 
of bodies one againſt the other. Char- 
coal "ignited, ſay they, what is it but 
wood made red and burning? A bar of 
iron hiſſing from the forge, what is it but 


ion ſtill? In ſhort, fay they, wherever 


a violent attrition or inteſtine motion of 
the parts can he excited between bodies, 
fire will be the neceſſary reſult; ſuch 
| bodigs will ſometimes caſt forth flame, 
e is itſelf nothing more than 
pa rt © © of yely — put violently into 


3 chllotophers in 1 in- 
cline to the opinion of Boerhaave, and 


sankur with the ancients in affirming, 
that 
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tin fre d an eEment ef ar peu Kind 
anden fnferutable fl türe; with properties 


peculiar to itſelf, every where apßèearing: 
but no where certainly known. Let us 


eve Uibfefefethelaarmbf this element 
tochsſe whb loveidiſputationg and gie 


Wwithoiitattempting e de Leuſt u ihv&I 
güte their Sub r S117 mort esliis vlao 
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241 Eimdſt con unt property; f fireis 
des Kart heat 8 et ef HfOHH be indreaſe 
mie bude wil nds before it beingns 

Tettſtfle tet. When Keat 18 ppl A 
ds s dubſtafeef do fr fr iH ſtanesg in a 

AWlefatt degree lit WII J tre fumeſliedt 
5 Z Met re one 
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ehen Arden the Che fbr ref: 
bulky ſtill will be the other. The dilstation, 
however, of the ſubſtance has its bounds, 
nir caamgbei infintelyliereaſed- When 

"the ffresid i fuft upplindg the! dilatation 
: Gy — = 


SC ! comes 


mdmeRbbyleds propertics dfifirg! vat 
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vomegl 10a certain pitch, — ges 
on floyly,j again; but «at ,laſt, though 
4 the thn be never ſo ardent, or continued 
never ſo long, the dilatation is at 3 
Rand. . If We would deſixe to know [EX 
2 45 What proportion bodies, of. difr 
ferent hardneſs or different weights 
dilate ; 3; this Neither, theory, nor 
rienee, can . reſglye;,..., Some very hard 
Hodigs Mlate more than others leſs harth; 
t then. ſorne bodies Harder ſtiſl, dilate 
Gahan either. Tin dilsteg ſoqner than 
.the{ tex body lead iron, harder, than 
An, gilates leſs ap either al aden "= 


312d 80 nz» od 36 aint 387 


' Ox, all fluids, which, are dilated, by 


heat, air is the moſt eaſily expanded.: 
next to that the chymical #ther, then 


payne, then the Oil called ,Petro- 
4E Nm: then, gt W e 


6 Freſh water, alt; water, 
for rit A* eb pirit 9 pitze,and Mick 
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ie, ee e fluids ; 
| ths Pyovlteter is ufually notfling * 
at A rod of metal equally Kearct an 

ie as the heat increaſes, i 


* 


all the: methods aft e equally” $680; "as 
the  inftrument at beſt can anſwer but 
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0 auch more known And indlifoty* mo 
uſeful; it very preciſely m moaſurey. the 
degree f "heat 1 in alt fluids, and con- 
ſequently | informs us of the temperature 
115 the air. This inſtrument ſhews ex- 

aQly when the weather is bot and when 

it 


it is um hatever e! 
of our natural ſenſationa, they but very 
imperfectly diſcover. A man, for in- 
ance, going into a warm apartment of 
a bagnio, finds the air of. the room exceſ - 
ſively warm; but after being for ſome 
neee if 
he then comes out into the ſame apart - 
ment, though the air ſtill continues the 
ſame, he ſhall think it exceſſively cold. 
The travellers who go up the- Andes, 
which are the higheſt mountains in the 
world, often meet other travellers com- 
. ing donn, who have been in the prorince 
of Quito, which lies near its top. Their 
ſenſations are very different, as Ulloa 
informs us. The deſcending traveller, 
who has left the cold country above, is 
almoſt ſtifled with heat; the traveller, 
 whoaſcends from thetorrid regions below, 
freezes with cold ; the one throws off his 
garment, and the other ſeizes it with 
haſte to keep himfelf warm. As our na- 
tural feelings are thus incapable off 
diſtinguiſhing the real warmth of the 
i air, 
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| What! the. in ventor had any dea is . 


1 quently; a8 that of Fahrenbeit's i improve- 


ai 


1 in; dec 
with much greater preciſion. (Tüte in- 
nrument is: nothing more thinta ffrid 


andus!the: fluid ſwells With Kedt; X81 - 
more ofthe tube ard coorifehnearly Pits 


8 kinker 3:00! the contraty, us At cbntracts 
with cold, it ſink#inxhe tube p And thrg 
ing or falling; med ſufes the! true tem- 


petature of dhe Weather, er the degrer 
of! heat it any flüid into which Ir 18 
imemerſd 15 The thermometer way Kitt 


ered: by ene. Drebbel,” a" fen 


Durch peaſant, 'who ſed" it” nittely to 
direct him in His occupation ruf. 
batidry:7 Philoſophbrs bon fbuffd the 


. uſe ofd ſuch lian iniſtrumentio HAProved 


.and,converted ita to pixrpoſts fab By 


aom ter now uſed i moſte ta- | 


"The, bY 
mend The fluid, with whightbeulb at 


2 mMENT., 


ö 5 * filled, is mercury upon the 


eh ee aremagkedthiaivſions at 
7 which 
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E xpe nnen HID 58 
_ whiichocthel fluid h e e ferbe 


degrees of i hegt frech fred while = 
| he calls therlffhez ing bin uf tot 
greate(t-heargs Hai ; fubſtanded caso tai 
pable of reveivitg./) THS ve e- 
human heat is nibety-eigtit degree , 
Fahrenheit's thermometer, it means only 
This, sthat the heat ef a man's: :bbdy 


| is2ninety<ceight:of thoſe degrees warmpt = 
than water when it begins tore, = 


On the other Hand, When owormtiaxete, 


that in Greenland ches mereuriſen. : 


times ſtands ſeven degrees lowerotkam 
by Fahrenheit's thermometer, it only im- 
plies that the air is ſeven: degrues calder 
than water When it begind' to Hrn 

Several other kinds ef vthetniometties 
have been made: uſe. of hy different ma- 
tutaliſts the difference ind aii of ihm 
Aal nt very mäaterialdrit sis youty proper 

that they ſhouldahdld ta ſome ine iſtan- 
dard, thereiſeſvthen a philoſopher mus 
tus; that the air ĩs t ſuch a time thirty 
degrees of his thermometer, We en 
Mabelonbaddéa £ of alte e Pecu ick Heat, 
yd BY | unleſs 
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Hulk of bodies, but increaſes their weight 


meatured the degrees of heat with ll 
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| means * een the. * 


PuntyNERs having thus gre 


oy the. 1 of beat and cold, can 
lerſtand each other, when they talk of 
che different me in nora vith 
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A body weighed nicely before it 


ee fire, and then weighed 
2 be found to be inereaſed in 


weight very ſenſibly. It is remarkable 
. lead when melted and red- 
duced by heat to a red powder, receives 
a conſiderable addition to its weight from 
the operation of cha oy even after it is 
; cold aggin : 2 2 4 Pound of lead 

by 
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re. iced" by Heat, mall 
weigh ſeveral grains heavier than befbfe. 
„Sense £4 Fox Arni 118. 375 23692 5 $6 225} 
an. not However the property of fits” 
ly 475 10 heat or 'expiliid ——ů 2 | 
Whi Vit reſides, for we equentiy 
it ein inng light while ye — perfectly 
cold. Phoſphörub, which Ahines itt the“ 
datk;' rotten wood, ſeveral kinds of Aſh; 
or dec us it > begins” uc pureefy,” ad 
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— 8⁰ chat light ond 3 — 
be conſidered as d ſocial qualities 


ſource; qunitly; from firv ii but though 
uſually together; yet by ſome: e 
nnn often maid. 6.3 
Ho 5 4 > (813.8243 ö Jus 03% MH. 522 11 H. Hatt 4 
þ water: Tools! ſookiet.. 3 
places anderctjic' exhauſtetÞ receiver of: 
an air pump while oni the contrary i iron i 
cools ſooner in the open: air. Shihing: 
ratten wood loſes all its dight in the 
void; and never: recovers it again; n 


the: other hand, the | glow-worta lbſes 
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„Woo rubbed very fwift,oyithi a 


cular motion takes fire. Several Makes 


poured: one nithe.other/ though cold 
before, immediately take fit; fuch a 
any acid, 4 ſpirit of vitiola for inſtance,” 
when mixed with any eſſential oil, as oil 
of. cloves;:i A flint ſtruck againſt a fel 
emits ſparks of fire, the {ulphyicontss 
in the flint atin d / in 0 
metal of e ee mixing with it 
auch falling in ſmall drops, which may. 
be gathered upon paper, and-attrated'by - 


eee, But a property ſtill more 
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Expirimenal Philophy. 225 
8 extraordinary than any hitherto men- 
tioned is, that theſe ſparks ſhall: ſet fire 
4 to gunpowder, and the flame of a candle 
will not. In ſeveral mines in different 
parts of England, whore: are obliged to 
have very different kinds of light to 
carry on their work by. The flame of 
a candle in ſome mines would ſet their 
whole works on fire: they are therefore 
obliged to have a wheel with flints ſet 
round the circumference like the cogs of 
. a mill wheel; theſe flints continually 
ſtriking a ſteel properly diſpoſed: give a 
light, which ſerves to guide the opera- 
tions of the workmen. Vet though 
ſuch a machine be reguiſt ite in ſome 
places, a ſingle ſpark ſtruck between flint 
and ſteel would inſtantly fire other mines 
where they work by the light of flame, 
and be more fatai- than the exploſion of 
tons of -gunpowder : theſe are all proper- 
ties of this element, for which we can 
aſſign no reaſon nnn ths — 
| rare Hh 4 4 Ne 
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de ememed, ſed, 
even attimated 5"! for 'philofophets 


5 begin to allo, that animals may 
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: from no other parent than 
0 | heat alone. There are probibly, I ſay, 
ro ſurtes of fire, the central; or that 
neut: which is cbntined deep in the 
bored ef the earth, and the ſolar, or 
unn Beat. In digging mines or wells 
it is ober ved, that at a ſmall diftance 
below the ſurface of thr earth, the air 
feels à Hietſe chill; fomewhat desper 3 it 
- ts colder, and when the workmen have 

"come! preciſely to that depth, beyond 

which the rays of the ſun cannot pene- 
- trate; water is found to freeze: when. 
they deſeend ſtill more deep to about 
fifty feet below the ſurface, they chen 
begin to perceive; the place à little 
- warmer and ice melts. The deeper they 
deſeend frem this point, the more does 
: the heat increaſe, until at length their 
+ end becomes difficult: aud their 


By this' centtal det 2 mäny have en- 
plained earthquakes, the production | 
gem, minerals, ad even the nutrition 
of vegetables. They who are moſt weld- 
ded to the fyſtem, regard this heat as A 
central ſun, evilivening and refreſhing 
nature beneath the furface of cke earth; 
26 the planetary fun does the external 
parte of the ſyſtem.” Boyle, owe 
ſible thefictelle of hear at {pb Pe 
'depttis' to Wipe, "which mixfng with 
others of a different and oppoſite 552 
produce heat and ſometimes flame, as we 
{ee falphur when kneaded intoa paſte with 
N of iron fi 1 uently does. 1 


Tur Pre as we all experience, 1s the 
. of heat, at the ſurface of the earth: 
whatever regions are ſtruck by its rays 
moſt -perpendicularly, feel the influ- 
ence of its heat with greateſt violence. 
For every object, placed directly beneath 
the rays, receive them in greateſt quan- 
ty and beſides, every object that re- 
ceives the perpendicular ray, will alſo 


42 * +. receive 


receive; ah reflected REO gh vill - 
not. be. the caſe, if they fall obliquely ; F 
a material conſideration, - though not 
; uſually taken notice of. This heat of 
the ſun, which i is ſo great at the ſurface 
of the earth, is much diminiſhed as we 
aſcend. above it; ſo that the tops of 
mountains | extremely cold; 

1 and though ſome of them are internally 
fraught with fire, yet externally they 
are covered with ſnow. The mountain 
of Hecla, in Leeland, ſometi mes caſts 
forth flames and earth melted like glaſs 
into a flaming torrent; this runs down 
its ſides in rivers, while the collected 
ſnow drives before the current, and the 
whole makes the moſt hideous cataract 
in nature. The cauſe of mountains 
being thus more cold than the valley be- 
low, is obvious; the valley reflects all the 
rays of the ſun, warms the air, and 

drives the rays back directly againſt the 
obſerver: the mountain reflects its rays 
in a ſmaller quantity; the air is thin, and 

will not admit of much warmth, and 
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| MEDI 30000 OBE in 
On all bodies which reflect « ob þ throw 
: back the rays of the ſun, thoſe which 
are ſmobth, well poliſhed, and but little 
porous, do i it moſt powerfully; while, on 
the contrary, ſoft, ſpongy, porous bodies, 
reflect back but a few rays in compariſon, 
but, in a manner, ſuck them up and 
"keep them within themſelves. A look- 
ing glaſs will throw back the rays that 
fall upon it very powerfully, with light 
and warmth, while a pillow ſhall ſearce 
reflect any rays whatſoever, Of all ſub- 
ſtances however, poliſhed ſteel reflects 
the rays moſt, while, on the contrary, 
-wool has the ſmalleſt power of xreflec- 
tion, tranſmitting the rays, and ſuf- 
ifering them to paſs through its ſubſtance 
in the greateſt number. And for this 
reaſon, wool that thus imbibes the rays 7 
in ſuch great quantities muſt neceſſarily 
be warmer than any other ſubſtance ; 
2 Reaumur, in hatching chickens 


Q4 by 


1 dhe e an oven 8 made 
* of an artificial hen made of wool 
to e clutch the young brood when it came 
£3 1211 ol EF CPS : 162 455 r FEE. $43 A. 
_—_— 8 the influence of 
the fun' 8 Path debe rte gehe e 

arte fitted. On thei reception. . | pany 
however, as they ever continue to ope- 
rate, are, at the ſame time, reſtrained 


: m burning too fiercely, by the. na- 


which they fall 7 the heat is diffuſed 
evenly through their parts; and never 
in the natural ſtate of things, is it found 
to-ſet the __ in flames. -Koegine:tho 


JeSed. by art ; len bee end abn. 


-becomies united. they conſume, or, at 
leaſt, change all bodies whatſbever 


with imnexpreſſibhle force. The . hardeſt 


nutes, into glaſs, and ſeems, 7 by the | 
viglence of the heat, to loſe ity nature; 
| : — 41 £) 7 | in 


in a fer | minutes more, the metal begins 


In a. 


| evaporated away; u mir with: the ait in 
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oof 


gien an dba” of che manner in 


whiels the ſun's rays are thus collected 
together, take fix or eight ſmall look , 
ing -glaſſes, and holding them oppo- 


fall all upon one pet, upon the cromn 
of a hat for inſtance; if we put our hand 
there, we ſhall find the place much 
warmer than the ſun would have heated 
Ene the reflection! If we make 
reflections fall upon the ball, 
the bottom of the thermometer, (ſee... 
6g. 54): we ſhall then be perfectly ec 

vinced of the inereaſed heat by the riſing. 
_of- the fluid 3 in the. tube. , This experi- 
ment is cally tric 
alrays. anſwer, Me. . if inſtead, of 
cight glaſſes we ſhould | uſe 2, much 
| greater. number, che heat will be aug- 
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as) water el and ſilver he: whole 
ſurface over with as fine a poliſh a8 
; it, aſſumes behind a plate of '-looking- 
glaſs, for that is only quickſilyer and 
tin mixed together, as in this experiment. 
The baſon thus poliſhed on the inſide 
will make a very good burning mirrour, 
and will conſume the denſeſt bodies, If 
laid in the proper point where the re- a 
flected rays unite together. Such a re- 
flector is only for thoſe who vill not 
be at the expence of ſuch as are more 
powerful. The beſt are thought to be 
thoſe made of poliſhed ſteel, as this 
metal is hardeſt and beſt reflects the 
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rays. Others recommend a compoſition 


of tin and antimony; in ſhort, ea! 
FW philoſopher chuſes the materials of his 
mirrour; and thoſe, in general, are 
found to anſwer beſt, where the fas 4 
ſtance of which they are made more "oy 
pact, bears an high poliſh, and is of 
a White colour; for it muſt be obſerved, 
that ſuch as are made of black materials, 


as of black ä do not reflect the 
ste | | rays | 
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= bly # ifor black is a quality which ra- 
= ther imbibes tas refledts the "rays 
that fall We have 
—— af Poets rand with which 
eoncave'mirrours, properly formed,” de- 
ſtroy all ſubſtances put into the focus 
of their 1 for ſo is che point called, 
rays / unite and 
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—_ e ang The mirrour ofs 


ſays much of that made by Tſehirn- 
3 in diameter, and dr ſubſtances at a 
 diftance-'of three feet two inches wick 
entteme violence. Iron ore Placed an 
An eye or ſocus, melted in 
ſeconde, bone was turned to glaſs in 
Dy ia copper halfpenny 
2 1 ſubſtances 
Were conſumed with equal ' rapidity. 
- our be has frequently turned gold to 
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others, however; aſſert the contra 
 Grining that part of the gold 
away, And a part remains behind, re- 


ya 


_ duce in a manner, to athes, ot; 48 the 
17 2 ifts caltitito'a ci oghn kaut in Nen 
Sucli are the effects of er af s 
conſtruction; "though it may be obſerved; 
however, that whatever metals are due 
—_—_ glaſs or te aſhes by: the effects 
of heat, muy be reſtorec to their na 
99 and 
i b pO ergo 9ICEITSA: 
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Bor aer we are told of the ef 
fects of Villets burning mirrour, they 
fall far ſhort of what has been perform 
ed by à mirrour more lately made by 
Mr. Buffun; for this burns at a dif 
tance of no leſa than tv hundred feet; 
This excellent naturaliſt juſtly configs 
ed, that if a plain looking=plaſs: 

a great diſtance, a number of plain glafles, 
united to fall their rays upon the ſame ſpot; 
would OO” burn ; hei therefore put 
1 len together 
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— N a plain laſs, n 
balf a foot ſquare, and fo diſpoſed as to 
have all their reflections fall upon one 
object, pretty much i in the manner re- 
Preſented above. - They, are fixed. in a 


Ke pleaſure, ©, that, the lame. machine 
the corabined reflected 


rays: tea diſtance, of two hundred feet, 


max; by the turn of an handle, be made 
their. united force upc . 2 
jeck not. diſtant above twenty. 1 t. is re- 
markable enough, that Tzetzes, a Greek 
writer of the twelfth century, giving a 
Dann e the manner in which 
nedes burnt the fleet f the Ro- 
mant aſſures us it was in the manner 
have · juſt deſcribed. e 
We., movie: A Our 9 f Plain mir- 
1 ; 3 the fol 00 the Wee in the 
hatbour, and thus he ſet them on fire. 
The mirrours of the ancient mathemati- 
cian, eee muſt have been much 
no powerful-than: thoſe of the modern 


8 tells us chat 
Archimedes burnt the Roman fleet about 
three furlongs removed from ſhore. The 
moderns cannot conceive the magner 
in x which, his could be done BY Ric 


44 #4 4 


remote a diſtance ; ; Io * at they cannot 
upderfiand they © ſay deny ; and affure 
. oo ojher, that, Archimedes n W 


ert 12 34 "+ 0} 27 


man fleet. Hy 
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LISHED date ns reflect the.rays 


in u greateſt a abunda nge; but ne fi 
whatſoever is, wholly. deffitute ol this 
reflecting power. In fact, we have had 

ſome burning; mirrours made of: wood, 
of flax, and even of paper; itſelf A fub- 
82 15 eaſily capable of being conſum- 
ed: We are told of a perſon at Vienna, 
who. made « one of. theſe that. melted iron. 
It ould be ſtrange enough to an un- 
initiated reader, when thus told that pa- 
per ſhould be made to receive an heat ſufe 
' ficient. to melt iron; and yet remain per- 
1 3 the fire elf. This 
man's 
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_ only f 6ne by" which the ray ee! n 
de ibn Lollebted 1 145 10 1 
kauſßereßt convex. ex ar that permits 
the Ta) ſs through it, 'wi | unite 
"them in a focal point PN 

it. One of the glafſes of a com 

A F Ede dn. 

| is gradually = 1 in the — 
1 "Wood; or 
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how A t nvex gn Altes dle 
e (ſeg, *56J; Let | 
16Tulſee t&obfetve kere? chat if 18 ma! 
2 5 a(t as that juſt mentiohed his power 

to burn Wat will ner the power” beef 

roy made by Tſehirihauſen, Which 
was net four fert bröad, an inch and 
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de ame al hex rape were 
moſt collected, was twelye feet from tha 
glaſs, ſo that, it burnt. with ite gresteſt 
fore a chat great diſtance. Stones, me- 
tals, earths, fled inſtantly away before it: 
it was obſervable alſo, that ita ardour w- aa 
moſt efficacibus, hen the ſubſtance t 
charcdal. Let we muſt not ſuppoſe be 
| effes of ſuck a glaſs equal to thoſe of the 
mirrour mentioned before. Frem 
is figure it cannot unite the rays ite fe 
mall a point as the former, and 
fore muſt operate with leſs: influenes. 
Burning inſtruments of this kind are 
uſually made with glaſs 3 but any tranſ- = 
parent ſubſtance that lets the rays paſs - 
freely through, will anſwer the end as 
well. An hallo glaſs of the proper 
ſhape filled with water, has all the fame 
effect as ſolid glaſs would have. And 
this was known to the ancients, for Lac- 
tantius aſſures us, that a globe filled with 
_ water,” would kindle a: fire even in the 
midft' of winter, 1 ſtill 
2 Vor. II. * the 
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dete ap 1 e 
ON ſtrüment ent may be thus an. res 
tre f rent; of [nglaks, 'of glue, 


| ladkeariti by melting, it will ſhape: itſelf, 
da the bottom of the ladle, to: the figure 
vun proppſr, that ia convex on one ſide 
plain on the other. Uſe this as a 
burning glaſo, and it will auſwer rather 
better] particularly if the water has been 
2 en 1 froze, ſo bn 
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Tas effe®s of burning inflruments, 
; whether contave. or convex, are great, 
always in winter, which is very extra- 
I ordinary, ſince the heat which 
= collect is ſo much leſe at that ſeaſon. 
However, there may. be à very good 
reaſon. aſſigned for this ſeeming para- 
dox. Vapours are found greatly. to di- 
miniſh the. efficacy of the rays colletted 
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- ing and ſending up itt vapour under the 
coriverging rays, enfecblen them ſur pri- 
ſingly. There are always a ee 

in nn m! in ann. . 

Beth fan] 1G ALA: 
Mun wihevis not only collects! 
the rays of heat, but of light alſo forte" 
times giving luminary rays ſuch à brit 
liancy as to dazzle, -aridy at Iaſt, defiroy" 
the ſtrongeſt fight, - Thus the light of the 
moon mary be-colle&ed- in the eye of 4 
3 burrüng mitrour, Witfr 4 lehdour only 
inferiour to the united beum of "the | 
ſan 3 but hotwithſtanding theſe beams 
are ſo very” bright, they have no heat 
at afl. Nor is want of hieat in the 
moon beams to be wondered at; for by 

_ calculation it has been found, that” me 

| heat of this luminary i is three million of 

times leſs than that of the ſun; but ou 
beſt inſtruments can make the beams 
either of the ſun or moon, ohly three 
hundred times more powerful than they” 
were before. So that the moon beams, 
even after they have been united to—-—̃ 
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-Dvray Y, a French r firſt | 
= tried/the force: of theſe inſtruments, in 
— emm af a cmman cul- 
. nar Neither the concave mirrour, 
= |: | alone ; but. by uniting their; forces, he 
= had a moderate ſhare of 


P 


. ve pos boch ſides, 10 that the rays of 
. the fire paſſing through it went out be · 
hind parallel to each other. Theſe rays 

d. were received upon the 
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thys tranſmitte 
ſurface of a | concave mirrour behind, 
Which reflected them into a focus; 
however, they could burn only when | 


the two inſtruments were but four feet 


of a, culinary fire enfeebled by paſſing 
through the pores. of glaſs, while the 
4 * LY on q.the contrary, ſeem. to loſe 
| | << a e 
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= a aſunder..., 80 very much are the rays 
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very little of their force. The heat of a 
common fire is thus compoſed of groſs 
and maſſy parts, while that of the ſun is 
penetrating, light, and active. Is it to 
be wondered therefore, that the juices 
which are nouriſhed in the vegetable 
world by the ſolar heat, are light, pun- 
gent, and racy, while thoſe; which eu- 
| linary heat produces in an hot-houſe, are 
ms ban ts landen ed? 


Gs + 
% 64541 xt 4 


4-4 


Thea before. Aa ys 3 it gives back 
the heat in a conſiderable degree, ſo as 
to be ſenſibly felt at thirty or forty 
paces diſtance. But 1 it will not, however, | 
be reflected into a focal point. An in- 
ſtrument of this kind might be uſeful 
in kitchens, . to reflect, and thus double 
the heat of their fres. Az. lear! ned 
Dutch writer adviſes cook. - maids, in Se- 
neral, inſtead of the ſpherically. fors ge. 
mirrours, to make uſe of il true para- 
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"whoſe nature; 
like war of fire, is beſt Known by 
its effects. Whatever are the properties 
of fire, thoſe of cold ſeem to be directly 
oſite. Fire ire increaſes the bulk of all 
es, cold contracts them; fire tends 
to diffipate their ſubſtance, - cold con- 
 _ them, and ſtrengthens. 
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tu 8 


ers, by fre of its effe 


fects, to be no- 
. more than the abſence and pri- 
vation, of heat, as darkneſs i is only the 
rivation of light; bir cold i is. ſeeming] 
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X at when 1 cold, 
"and con- 


deaſes 


Fe fees to 4 Ertl egree 
if then its power be ihereaſed, 0 
of continuing to cöntas and fte 
their bulk,” It etafges and Gpandö 
them ; { that ertteme cold; like Reat, 
fwells the ſubſtance into which it etiters. 
Thus; in fluids, they 'eohtrie f 
with cold till the nibiticnt they begiit 3 
freeze; from thenceforward n 
and take up more ſpace than they 
ſelſed While in à ſtatè of fluidity.” 
Rquor tuths to ict i 14 &6ſe taſk; K fo 
often known to burſt the veffel. When 


ice Is 5 broken upon a pond it ſwimt 
upon the ſurface; x certain proof öf its 
ing &f a larger bulk thin @ nich 
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0 N after nge e by led | 
of which it remains in a fluid fate, he- 

comes more denſe; conſequently its par- 
tides ebitudlly touch in A greater Hüttt 
der of pbitits, and tireföre bohere mord 
only, tö 4 degret, that Water tis 
® ef duen, <dnitholly ei ict. 
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eee air is, in 3 


- — of the water, there it firſt | 
7 laſes:i 1585 fire and thus the cauſe of its 
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g removed, the upper ſur- 
e een. 105 nn or ſkin 


as wal de ing to erg on the 
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Riba 47 ont 1 1 
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$9 water in freezing becomes more 
Rafe, loſing. its. fire, its interme- 
dis e ſpaces. or pores become, ſmaller, 
| ON: ee this air comes 
49 he ompreſſed, and thus its elaſticity 


a ing. heightened, it forces out of, the 


pores of the water, aſcending in it, as 
being lighter than water, in the form of 


Tall. b bbles ; and having reached the 
upper Kim of 5 ice; their eſcape ls there 
. and thus they run into larger 

bubbles, when come into mutual ,con- 
tac. Aud this. accounts for the great 
number of air-hubbles obſerxable in ice. 


wt "Pe 4 


if by. boiling, or by. che aiz-pump,. we 


21 ws Þ 2 diſch harge 


perimental PEP. a6 
e-the ain u of mater, and then 
e, the bubbles, it is true, 


wi de. fewer, but;:that-; it-;ſhall have 
none is not poſſihle, oe * een 
never ; be all K dilcharged.. | 
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a -AnT thus the we PI. 
ice, muſt expand it, and. cauſe it to o- 
cupy a larger ſpaee than water, and con- 


ſegquently render it lighter, and mak 


it float on the water. It ſhould thete- 

fore ſeem, that the ice of the water 
purnged uf air; ſhauld be of equal weight 
wih it. But experience ſhews the von- | 
trary. For ſuch ice laid on water floats 
zn like männer, though ſinking :muth 
deeper in it than other ice. And it is 
not poſſible it ſhould be- otherwiſe, as as 
neither by boiling, nor by the air- pump, 

mn, ; 
wr ec ric Rial 20 1i Nlleubs a ne 
* Tx Florentine e attempt. 
ing to diſcover the extent of the ep. 
Gab of water when turned to ice: found 
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weighing it, they found nn of 
ade first to that of the ſecond witer, 
Ae but. hade g that of 250 to 
ay. . 211 ater 5 
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n — it 
race the glaſſas in Which it freezes. 
Huygens filled a ſtout gun- barrel with 
Vater, fecuring it at both ends, and 
in tele hours aſter it burſt with a 
Ion exploſions The Florentides: filled 
2 3 balk witk water, and filing it 
8 it at laſt burſt, by the 
: — redatats boreg ef 27550 
pounds was: fequiſite 10 tear this ball 
anders Ar Peteviburg, in the winter of 
oh, | ä Leh 1749, 
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bidde bend vat digg: by water 
turned to ice. And we have inſtatices of t 

havock produced inthe ſubſtance — 
| bo hen oder ä | 


”» 


— is e on much mög 
peditioufly when the water is at reſt 
than when it is in motion; it is eaſy to | 
_ affign the eauſe of this, as the ice is. 

_ carried from one' ſurface to another by 
filaments, che current is tit deftroying 
them as foon as formed; and it would 
de as difficult for a ſpider's web to be 
formed while the wind Was breaking 
and blowing the threads that formed it, 
us it is for the froft to ſend forth its fila- 
ments in the proper order, for the ge- 
neral congelatiom of a river. In very 
great froſts however, rivers themſelves 
Are Trözefr. I Rave feen the Rhine frozen 
ut ene ef its moſt precipi tate cataradt, 
awd the ice flanding in glaffy” columns 
Aue w foreſt of large trees, tlie branches 
N ns kave been newly lopt away. 


Bur 


4 Rana wil; 


oppot — ts tons 27a ot 
bot wind, Frequently. helps!-it-fotward; 
Fahrenheit aſſures us, that a pond which 
ſtands quite calm, often acquires a de- 
gree of cold much beyond what is ſuf⸗ 
ficient for r freezing. vet no congela 
enſues., 1f a flight breath of air ha 
in ſuch caſe to bruſh over the water's 
ſurface, it ſtiffens the whole in an in: 
Nant. „The water before congelation and 


in its liquid, ſtate, ſinks 158 therr 
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ik it begias e 
| r riſes „to the 
1 ory cauſes of 
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eriments. | fenen 
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" In general, the ice of northern regions 
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er eon v, Which it is congeäled. The 
of "Spirzberge! and the Greenland 
ſcas is ſo hard, that it is very difficult 
to bresk it with à hammer. In bur on 
climate we 2 945 in general, form a very 
juſt'confecure, concerning the"duratich 5 
ef Froflt by et © Hatdtiels'of the leet" 
in the beginning of the froſt, the keel | 
harder and more refiſting than uſual, it 
16 2 ligen — 71 will continue long 
in proportion. A machine might with 
F Tits genen be made, that would 
Adiiſeover this * hardneſs with ſufficient 
_ preciſion; - During the hard froſt of 
1740, a palace of ice was built at Pe- 
terſburg after the moſt elegant model, 
and the juſteſt proportions of Auguſtan 
architecture. It was fifty- two feet long,. 
and twenty feet high: the materials 
were quarried from the ſurface of the 
river Neva, and the whole ſtood gliſ- 
tening againſt the ſun with a'brilliancy 


4 £ * 4 


almoſt equal to his own. To increaſe 
8 Wer, ſix cannons of ice, two 
bombs, 
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dux edifice. The, cannon were three 
Wn — 


* ——— thick 
eee with the — 85 
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In welting of j ice, if it be laid upon 
dances 1 
others Bor ean we afligo. any.cauſe fe 

difference; it. melts —— 
| five, plate than upon the palm of the 
bend, and. it melts. foqner- upon copper 
thin an any other metal whatſoever. | Ice 
melts. ſooner in water, than expoſed; to 
their , a ſimilar temperature. Soaner 
in water a, little warm than near the 
fixe When it is hotter. It melts; ſooner 
in the void, than expoſed to the atmo- 
eee * it r eee minutes 
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* as Mirw Dan hr h Glace mn S3. 
"Chap. 3. 
2 to 


twetiver:: N Gaist 110511 glids; 

7 rl! „ een 4 ian 8117 22181 GN E03; 844; 
_ 12Pnouon ice ben hard body yet ir 
bee 68 4, Gaftaat © eviqorative 
when the cold in he air is ekceſſive. 
TFerault und, that four pound: ef le, 
wich hay expoſed for 19 days in the 
open air; was lighter'dya;whote-pougd, F 
M. Mairan, in the year 1716, Wich, 
for ſome days, the cold was as ſevere as 
at of'-the' winter winter Tyog, Al found 
that ide; which had lamm in the air and 
wa northerly wind, had loſt in aà hours | 
above à fifth in weight 7 from which - 
we may, at che fame time, perceive the 
reaſon, why ſnow, lying expoſed in a 
conisaued cold on the a becotties 
diminiſhed 3 in quaritity: Þ {5 19355 oy 45 


5 y bare abe ne 2 | 
freeziiig, as effects ariſing ately mn 
the abſence of heat. There" is, per- 


bare, ns, aQual Gar rea in Wie 
or. 1/4 _ 
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1 expels;the 
: ou, f other bodies, 


n 
| eas te echere ſtronglyatage- 
therg Th :difidence Which one: ſhould 
| entettaig);:conceryingi! his concluſions, 
. 05 this thought: and the 


bert t0:Gal deeper: dil. after 
ts Gltpare 48-biflglyed-in the water. 
ai fa thing deen if anne 
tter, ; al ammoglae...,. 0: -bs babe, 


725 Wurz K nes. iglaſs! which 
is ſet in ſalted ſnow ; + if only the 
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4 low upwards, and then we may plainly 
perceive the manner in which the air is 
diſcharged out of the water. In this 
caſe, the glaſs does not readily ſpring or 
fly; but if you cover it entirely with 
ſalted ſnow, in order to promote a con- 
gelation all over, and thus prevent the 
Peer of the n the 19225 flies. 


As boa ciande Gold boches, 0 cold 
ont them. On the expulſion of 
the heat, the parts of the body draw 
_ cloſer together, and thus their matter is 
reduced to a ſmaller compaſs, Now, 
as a body becomes cold on loſing its 
heat, it becomes denſer in the proportion 
of the cold; and yet not in an infinite 
r bo 


: 65 ia Heat affect the pendulum 
| 1 of docks, the firſt contracting or 
ſhortening, and the laſt dilating or length- 
ening it, and thus altering its motion; 
* is attempted to be remedied, by 

Vor, Il, "7 3 op⸗ 
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256 4A/Svavar of 
bon expanſion to expanſion, 
K to eee e 


7 HP is ned by co i 5 e 
it firſt glowing hot, and then quenching 


P in cold water or moiſt loam; theſe 


are bodies which quickly deprive iron 
of its heat; and being thus cooled at 


once, it becomes denſer, its parts com- 
ing cloſer together; and thus touching 


in a greater number of points, they 


cohere the more ſtrongly, and conſe- 


e n 18. made Hanley." 
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Tux 1 is the common 
meafure for the degrees of heat and cold; 
but whether a Juſt. one may be doubted. 
And firſt, the glaſs. of the thermometer 


5 expands with heat, and thus hinders the 


aſcent of the ſpirit, and contracts with 


cold, a thus preventing its fall. Then, 
in a Sreat degree of cold, the air is diſ- 


charged out of the ſpirit, and fills. that 
part” of the. glaſs which ſhould have no 


all, and * its . oppoſes the 
Y 1 . 3 FS riling 


2 D 5 * . — P 
- 


riſing of tlie ſpirit: '' And e it is" 

poſed,” though groundleſsly, that the 
heat is proportional to che expanſion of 
the ſpirit, though the fol appears 
by the n ORE 5 Pa 


Ar you pour water on a « table} and 
place on it a tin plate with ſalted ſhow; 
the plate will be frozen to the table, as 
ſoon as this ſnow begins to melt. For 
as the water is much warmer than the 


= ſalted ſnow, the fire muſt force out of: 
the water into the plate, and from this 
laſt into the ſalted ſnow. And thus the 


water 0 ing its heat, turns to ice; and 


on the contrary, the ſnow being bene 5 


muſt melt, before which the plate is not 


froze to the table, the particles of fire 
being then gone over into the ſnow out 
oß the water. This experiment may 
be made, though vou ſer the plate with” 


the ſalted ſnow over glowing coals, kept 


conſtantly blowing. On the plate with 
the ſnow lay another plate with cold 


water, and ftirting with a cane, or any 


1 „ e other 
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other We the ſnow wilt diflolve, 
and ice will be formed upon the water 
in the diſh. I have tried it frequently 
without falt, and it anſwers, though not 
with * _ 


Bor by this e we can only 
chen make ice when we are poſſeſſed of 
ſnow: or ice already: Boerhaave gives 
us a method: of making ice without 
them... We muſt have for this purpoſe, 
+ any. ſeaſon of the year, the coldeſt 
water: we ean get; this is to be mixed 
a proper quantity of ſalt, at the 
rate of. home, three ounces to a quart of 
water; another quart of water muſt be 
vrepared 3 in the ſame manner with the 
feſt; the ſalt, by being diſſolved in each, 
will make the water, as was ſaid above, 
much colder than it was before; they 
are then to be mixed together, and this 
will make them colder ftill, Two quarts 
of water more prepared ind mixed in the 
manner of the two. firſt, are to be mixed 
with theſe, which will increaſe the cold 
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whole of this -a to he's carried 
on in a cold cellar ; and a glaſs of com- 
mon water is then to be placed in the 
veſſel of liquor thus artificially cold, 
which will be turned into ice in the 
ſpace of twelve hours. Of all ſalts, 1 
anmaniac beſt anſwers this tention; 
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Bur if ue thats" Nas a mote 
effeual/ method of b fluid 
than any yet mentioned. Tt has been 
Fee; that fluids e! in a cur- 
colder than before: it has been diſco- 
vered alfo, that all ſubſtances grow 
_ colder by the fluids they contain, or 
are mixed with, being evaporated. If 
both theſe methods therefore are'prac- 
tiſed upon the ſame: body at the ſame 
dme, they will increaſe* the cold to 
_ almoſt any degree of intenſeyeſs. we 
elire. e Ca 
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WE, HE. Andes experiment... at, Peterſ- 
burg of congealing quic Glveragthus 1 
at a time when the Iver. -. was 
np ad to have fallen . and 
ide cold conſequently to be very intenſe; 
- »the wercury being by DeLille's thermo- 
meter, which is beſt adapted for meaſur- 
ingathe degrees af cold, as Fahrenheit 8 
for meaſuring. thoſe of heat; being 1 
„m by, this thermometer, fallen to. 250 
inereaſe the cold by mix- 


uh: 1 s of the conſiſt- 
b. in he ſal manner, ad 


a She mms (which, 
Krary to the manner of Water, inſtead 
of dilating, ſtill continued to contract 
With inereaſed cold) ſunk to $00 de- 
= T hy may * the glaſs, and it was 
5 bound | 


found frozen into a 
what is moſt f 
hammer like a common metal, and was 
beat into the ſhape 


bue 
N - 


hard ſolid maſs 
nary, 


extraor 


an half- crown. — 


At laſt, however, it began to break, and | © 


or fal apr for — are ae 


ed, recovered ĩts former flu= "3 
From hence we ſee, that the 1 
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1 I. there is light, there 
3 ren of fire, as kindred 
= | $i — A cauſe, 
1 wo etimes united, It is 


/ whoſe heat burns in the 
IF melting metal unſeen, and whoſe light 
1 ſhines harmleſs in the glow- worm. This 
ght, though ſeemingly inoffenſive,would 
 -  _ burn if collected into a ſmall compaſs, 
W che ſierceſt flame; but no inſtruments 


Z ' art has yet found out, are able to 


Die its parts a ſufficient conſiſtence. 
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; flame which hangs over burning E 
ſpirit of wine, we all know to ſcorch 


with great power; yet theſe flames may 


de made to ſhine as bright as ever, and 


yet be perfectly harmleſs. This is done 
by placing them over a gentle fire, and 
leaving them thus to evaporate in a cloſe 
room without a chimney: if a perſon 
ſhould ſoon after enter with a candle, 
he will find the whole room filled with 

innoxious flames. The parts have been 
too minutely ſeparated, and the fluid : 
perhaps has not force enough to ſend forth 

its burning rays with ſufficient effect. 
However this be, we may ſafely con- 
clude, that the parts of fire may be ſo 

| ſeparated, as to become harmleſs, and 


pet they may retain all their former 5 
. earn 1 * 


i 


Srwer we thus fee light FER” heat are 
| 11 moſt obvious indications of fire, we 
haye no reaſon to doubt, but that the 
"= fun, who is the great fountain of both, 
ks, is — one large body of chat element. 


nn 


= 264 .:.A Sonxvzy of 
= ' In what manner that great fiery maſs | 
1 is: fe d, with continuing fuel to keep up 
1 his force, is a queſtion equally. uſeleſs | 
offible. to be reſolved ; whether 

: | comets travel from other ſyſtems, with 

EH. FY proviſion of this nature, or whether 


« 


het io x 
? 


IT the etherial vapours come from all parts 
* with. their ſupply, is not wo. orth enqui- 
5 ring . He that made the comet er 


. 1. caſe, give Permanent 
1 | 120 the conſtancy. of 
1 8 flame, and can. ſee ee ſcarce any dimi- 
Eo. nution of his ſplendour. It i is enough 8 
ękßEVB oſophy to inveſtigate the. nature 
=: of this heat and light; the things with 
= 15 5 Wich man has the neareſt concern, 
| Should be the chief objeds of bis eu- 
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=_ \ 8xTTINGafide other ſyſtems therefore, 
3 we know that the rays of the ſun's light 
at | d foreward from, his 
. If we make a ſmall 
3 m, and permit a ray | 
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of the ſun's light to enter, we ſhall ſee 
it dart againſt the: oppoſite part of the 
wall or. floor, in the ſtraighteſt line, 
Did the beams of the ſun diff uſe. them- 
Kclrer in any other manner, for inflance 
as water or air are known to do, the ray, 
upon once entering the room, would 
ſoon fill the whole, chamber with light: 
but this we know to be contrary to 
every hour's. experience. The rays of 
light therefore dart directly forward 
men the ſun. and e earth with 
e e be 94 a, alk. beyond 
the reach of huma abilities to calculate 


a 55 * 4 


1 exachly, how long a ray of light is up- 


on its journey, in travelling from the 
ſun to enlighten our hemiſphere. Tet 5 

this has been attempted by Romer, who 85 

finds that light traxels at the rate of an 
chundred and fifty thouſand miles in a 
ſingle ſecond; and that it is ſeven mi- 
nutes in paſſing. from the ſug, to the 

earth, | which is nearly a diſtance of 
2 Germ millions of wiles. The Qudent 
may 
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P 


* 
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"Warn the earth in going its annual 
merci round the ſun is at C, (ſee 
g. 57.) an eclipſe is obſerved of a ſatel- 
Mte of Jupiter, which thus 
E | Www eclipſes ever forty-two hours E 
T and an half. If the earth never left C ; 


=. but continued there lnmbredble;' it would 


expected ors ra 1 y- o iburs and 
2 half: and alſo at thirty times that 
Id ſee _y 
"is not fixed; it 


We <4 


* 
* 


= 

* | , | 
1 1 : 
if ; | 8 | 5 
= ſceurch e > 
[ 7: "the troop takes 0 Heh: time to travel 

| . _ "acroſs the annual orbit from to D. 

== "From C to D it takes- up About ſixteen | 
=_ minutes in travelling. Not the ſun is 5 


* 8 


SR OT 


1 nearly half-way between C and D, and 
N the light travelling ſrom him, 
muſt | 
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muſt perform its journey in half ſix- 
teen, that is, in eight nn. or chere - 
FN abou - 292 A 


Worry is <a rapidity. with nbc 5 
theſe rays dart themſelves forward, that 
a journey, they perform thus in leſs than 
eight minutes, a ball from the mouth 
of a cannon would | not complete in 
ſeveral weeks. But here it may be 
ſaid, if the velocity of the light is ſo 
very great, how is it that it doth not 
ſtrike againſt objects with a force equal 
to its ſwiftneſa ? If the fineſt ſand, 
che objector may continue to obſerve, 
were thrown againſt our bodies with the 
hundredth part of this velocity, each 
grain would be as fatal as the ſtab of a 
ſtiletto: how then is it, that we expoſe 
without pain, not only other parts of our 
bodies to the incurſions of light, but our 
eyes, Which are a part ſo exquiſitely 
ſenſible of every impreſſion? To an- 
ſwer this objection, experiment will in- 
form us, that the minuteneſs of the 
| e parts 


8 Un VrY of 
t are ſtill ſeveral 


their velocity; and they are 
therefore harmleſs, becauſe ſo very ſmall. 
A ray of light is nothing more than a 
conſtant ſtream of minute parts ſtill 
flowing from the luminary, ſo incon- 
little, that a candle, in a 
ſecond of time, has been ſaid to diffuſe 
ſeveral hundreds of millions more par- 
of light, than there eould be 
grains in the whole earth, if it were 
entirely one heap of ſand. The r 
furniſhes them, and the ſtars alſo, with- 
out appearing in the leaſt to conſume, 


granting us the ſupply; Muſk; while 
it diffuſes its odour; waſtes as it perfumes 
us; but the fon * light is diffuſed: in a 
wide ſphe e, 1s inexhauſtible. 


23 
2 


derance or uten inter Pepe; 0 / 

meet and deſtroy each other's force, but | 
rays of light never” oppoſe their 

mutual progreſs: If we 

of candles (ſays the fe 


| Ferguſon). on a table, and let them dart 
rays through a pinhole in a piece of 
black paper, theſe rays being received 
upon any object not too far off, will be 
formed into as many ſpecks of light, as 
there are candles; each ſpeck being diſ- 
tinct and clear, the rays from one candle 
being no way deſtroyed, by any interrup- 
tion of thoſe from another. The rays of 
a torch may be overpowered, and ſeem 
loſt in the brighter rays of the ſun, yet 
ſtill the ſmaller candle. actually ſhines 
with undiminiſhed radiance; as we may 
ſee by looking at it _ __ _—_ ra __ ; 
en a ane | 


1 light is 8 8 ae in 


rays from a center, it muſt decreaſe, as 


all rays do, in proportion as the dif- 
tance: ſquared becomes greater. Gravity, 
ſounds,” and light are, in this reſpect, 
ſimilar ; a luminary that enlightens the 
mountain's {ide at a mile diſtance; will 
illuminate four times as feebly at two 
miles diſtance. If I can but juſt read 
ut To» noon 
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with a i placed a. yard from. ms, 
I muſt have four candles if they are 
placed two yards off. In a word, the 
quantity of light decreaſes inverſely as 
the ſquare 1 ee K 7 by 


To make any. body. viſible, it is ne- 

« eflary that the rays of light-ſhould fall 
” upon it; otherwiſe it will paint no image 
on the eye, nor tranſmit any but that of 

darkneſs to the mind. ObjeQs, placed 
in a dark room cannot be ſeen ; but 

it the lh be lifted up, and the light be 
thrown in a. greater quantity, we may 


| | have a confuſed idea of the figure of the 


furniture; however, until the room be 
entirely illuminated, and the rays that 
flall on every r be reflected back to 
our eyes, we can have no diſtinct per- 
ceptions. For this reaſon, a perſon who 
remains himſelf in the dark with an 
hole to peep through, can ſee all objects 
without, becauſe their rays can be re- 
flected to his eye; but, as was ſaid be- 
bn, he cannot from without ſee clearly 
into 


1 
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into a dark room, becauſe there are too 
ſmall a number of rays ſent from thence 
to form the 9 of the object i in * 
82 1 


Wurx I uſe the word Picture, it 
ſhould be underſtood in the moſt literal 
ſenſe. Every object that we behold 
has its picture drawn moſt exactly, and 
in colours far beyond the reach of art, 
on the back part of the eye. To be 
convinced of this, we have only to take 
the eye of an ox or ſheep, and ſtripping 
off all the coats to the laſt internal one 
behind, place it ſo in the hole in the win- 
dow ſhutter of a dark room, fo as that no 
light whatſoever ſhall enter but through 
the eye itſelf thus prepared. Then 
taking a ſheet of white paper, and hold- 
ing it nearer or farther off behind the 
eye, the ſpectators will perceive a moſt 
beautiful picture of the objects without 
thrown upon the paper, through the 
humours of the eye. Every object, 
however, will be inverted upſide down 
„ upon 
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upon the paper, or, as 3 en- 
preſ it, they will all ſtand upon their 
heads, the cauſe of which — ex 


planation. 


Bor before we enter into a more 
minute illuſtration of the manner in 
which viſion is performed, we muſt ex- 
plain more minutely the nature of light 
itſelf, by which the de is thus _ 
_— of ſerjag. 
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CHAP. . 


_ Of the Refrattion' of Light 


& - have ſeen that the parts of 
light are extremely ſmall, and 
flow from the ſun with inconceivable 
rapidity, We obſerved alſo, that they LE 
darted from that great luminary in 
ſtraight rays ; but this is not entirely the 
caſe, for the rays may be bent into crooked 
lines bypaſſing through tranſparent bodies 
of different denſities. We ſee a ſtick when 
put into water, appear as if it were 
broken, at the ſurface of the water, in 
two. We ſee: through ſome glaſſes 
bodies appear enormouſly large, and 
through others they appear extremely 

little. Through ſome they ſeem near, 
and through others remote. From 
whence ariſe theſe ſtrange appearances, 
or what is the cauſe which thus bends 
the ſtraight ſtick ſeemingly into a curve; 
apparently that magnifies the bulk of 

one . or diminiſhes that of ano- 
* 2 ther ? ? 
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ther ? All theſe wonders ariſe from the 
ſame cauſe ; the rays of light, in paſſing 
through different tranſparent ſubſtances, 
take different directions, . explain this? 


\ Pu1LOSOPHERS have agreed to call 
any tranſparent body, through which 
light paſſes a medium. Air is a medi- 
um; water, glaſs, diamonds are medi- 
ums; wherever light paſſes, though it 
be a vacuum itſelf, they call that a medium. 
Now, while the rays of light dart through 
any medium of uniform denſity, they 
are ſtraight ; but when they Paſs o- 
bliquely through one medium into ano- 
ther, then they are ręfracted, broken, 
or driven out of their right lined courſe 
into a crooked direction. As a ſtraight 
ſtick one half in the medium of water, 
and the other half in the medium of 
air, appears broken in two, juſt where 
the two > mediums unite, | 

10 ſhew that a m of light ; is chits 


refracted * paſſing from air to water, 
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an eaſy experiment will ſuffice. 'Let a 
ſun beam be permitted to enter into the 
room by an hole; but it is not neceſſary 


that the chamber ſhould be darkened for 


this purpoſe. Then ſet an empty veſſel, 
as A B (ſee ßig. 58) in ſuch a poſition, 
that the ray ſhall firſt glance upon the 
edge of the veſſel, and then fall upon 
the bottom. Put a ſhilling-at the bot- 


tom E. where the ray falls; then fill 


the veſſel with water. We thall find 


that then the ray will not fall upon 


tbe ſhilling at E, but fall nearer under 
the edge B C. So that the ray will 


now fall more perpendicularly to the 
ſurface of the water, than it would 11 | 


it hag ſuffered . no refcaction. 29 47 1 


4 


8 W ray 18 bl mend or N 


| chore into the perpendicular, in paſſing 


from the air into the water, ſo will it be 


refracted, in a Contrary way, in paſſing 


from water into air. For, let us ſuppoſe, the 


veſſel once more empty, and the ſhilling. 
WO wing Na: its rays from the ſpeRtator's 
'E 3 eye, 


— 
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eye, at F. If the veſſel be then | filled 
with water, the rays. of light, now paſling 
from the denſer medium of water into the 
thinner medium of air, will firſt mount 
up almoſt perpendicularly to C. and then 
getting into the air will paſs more ob- 
liquely forward to hit the ſpectator's 
eye. So that the ſhilling will thus be- 
come viſible. juſt thus the fer- 
rel of my cane, if put into the water, 
would appear raiſed, like the ſhilling; 
and therefore, if the ferrel be raiſed, the 

other parts of the cane that are in the 
water, muſt alſo be raiſed nearer to the 

eye, ſo that it will appear broken in two, 
juſt where the air and water meet. 
Thus then, we have ſeen that a ray of 
light, paſſing from a thinner medium 
into à denſer,” as from air into water, 
s refracted more directly 'downward, 

or more perpendicularly to the ſurface of 

the denſe medium. On the contrary, 
the ray, paſſing from water into air is; 
upon its entrance into the air, ſent for- 
ward more — Hence ä 
6 1 | may 
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may univerſally conclude, that the 
denſer the medium, the more perpen- 


dicularly to its ſurface are the rays of 


light refracted. To give the learner 
the moſt diſtinct ideas poſſible of this, 

ve ſaid, the refraction of light was great - 
eſt in the denſeſt mediums. Suppoſe 
the ray AE (fee fig. 59) falls upon a 
vaſe of water, it is refracted from the 
ſtraight line at the ſurface of the water 
to D. Let us ſuppoſe the perpendicular 
BEC drawn to the ſarface of the Wa- 
ter, the ray of light A E makes an 
angle with the perpendicular B. It alſo 
makes a different angle with the ſame 
perpendicular, in going from E. to D, 
The difference between theſe two angles 
18 that which meaſures the greatneſs of the 


refraction of the ray. The two angles 5 


always bear a conſtant proportion to 
each other. The greater the angle A B, 
the greater will be the angle D C. To 
know the names uſed in ſcience” is, at 

_ —,— a part of ſcience.” The 
1 LY 4 angle 
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: angle B A cling: made by the perpendi- 
cular and the ray, before refraction, is 
Called the angle of incidence. The an- 
gle D C, made by the ſame lines, after 
_ refraQi jon, is a, the _ of re- 
Don; e | 
OY then, a ray of light paſſing 
from -air to water, is found by expe- 
rience to have its angle of incidence BA, 
bearing the ſame proportion to its angle 
of refraction D C as three does to four ; 
or in other words, it is a fourth part 
greater in the air than in the water. In 
glaſs, the angle of incidence is a third part 
greater than the angle of refraction, the 
proportion being about three to two. 
Diamond refracts moſt of all, the an- 
gle of incidence being three times greater 
than the Toy of refraction. 


N 3 then we may be aſſured, 
| that the denſer the medium, the more per- 
pendicular 
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5 pendieular does a ray of light, falling on 
its ſurface obliquely, paſs through it; 
that is, it takes the ſhorteſt way. It 
takes a ſhorter cut in paſſing through 
diamond than glaſs, and through glaſs 
than through water; ſo that we ſee, the 
denſer the body the more readily it per- 
vades them. This is very extraordinary, 
and very different from the nature of 
other bodies, paſſing through obſtruct - 
ing mediums. If I ſhould throw a 
leaden bullet obliquely into the water, 

it would not reach the bottom in the 

direction I had given it, but the water 
would. i in ſome meaſure keep it buoyant, 
and it would come with a greater ſlant 
to the bottom. But it is very different 
with a ray of light; When it darts ob- 
liquely on the ſurface of the water, it 
chen begins to deſcend more perpendi- 
eularly downwards. What can be the 

_ cauſe of this extraordinary diverſity i in 
the operations of nature? Seyeral phi- 
loſophers have attempted this folution 3 in 
„ 


longer appeared a erer The cauſe of 
light being thus perpendicularly re- 
fracted by the moſt denſe mediums, is, 
that the parts of it are moſt attracted 
by the-moſt denſe mediums. All bodies 
as we well know, att rat and are attraQt- 
ed in proportion to their quantity of 
matter. The light, from its minuteneſs, | 
paſſes with equal caſethrou gh the hardeſt 
diamonds or the ſofteſt air; it meets in 
the denſeſt mediums nothing to retard 
its progreſs, but much to increaſe its 
celerity, for it obèys the influence of 
their ſuperior attractions. Every inſtant of 
its deſcent or progreſs through the denſer 
mediums, it feels new influence from 
the attracting power. A bullet thrown. 
from the hand obliquely i into water, goes 
downward yet more obliquely; for the 
water. in ſome meaſure, takes off from 
its natural gravity and keeps it buoy- 
nant : a ray of light, on the contrary, 


darting obliquely oyan the water, has 
the 
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the obliquity of its fall interrupted by 
attraction, and confequently falls more 
perpendicularly down; though, rigor- 
ouſly ſpeaking,” the ray, in its deſcent 
through water or glaſs, is not refracted 
from the ſurface to the bottom in a 
ſtraight line, but a crooked one; ſo 
that the line from E to D (ſee hg. 60. Ji is 
an abſolute curve. 


Tnar bodies have this power of at- 
tracting the rays of light, may be known 
from the following eaſy experiment. 
Set a ſmall pointed penknife ſtanding with 
its point upward ; (ſee fig. 61.) let the 
toom be made perfectly dark, and a ray 
of light be permitted to glance in, ſo as 


juſt to touch the point of the penknife: 


the ray, upon touching the metal will 
bend itſelf in ſuch a manner, that the 
part of it which is neareſt the point, 
will be moſt refracted, and that fartheſt 
from the point, will ſuffer the leaſt re- 
fraction 3 a Ro” that the metal attracts 
thoſe 


- 
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attracting power at a ſmall 


* 


denſe ſubſtance through which they 
muſt more powerfully. atttact them, as 
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of the Paſase of Light through Claſs. 


7E have ſeen the manner in which 
water refracts the rays of light 
that paſs through it ; but the conſide- 
ration of that part of the ſubject, 
though pleaſing, is only a matter of cu- 
rioſity; an inveſtigation of the man- 
ner of its refractions through glaſs is 


connected very nearly both with our 


neceſſities and pleaſures. When a ray 
of light paſſes out of air into glaſs, its 
angle of incidence is to its angle of re- 
fraction, as we ſaid above, as three to 
two; that is, the angle of incidence is a 
third part larger than that of refraction: 
upon this ſingle principle depends the 
whole _ of viſion through glaſſes. 


Claſſes are. uſually ground by 2 
glaſs-grinders who deal in this ſubject, 
into eight different ſhapes. For firſt, 
the glaſs way be flat on both ſides, as 

8 
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the common pane of a lets. or 

2dly, it may be flat on one fide and 

convex on the other, B A (ſee fig. 62) 

Or, 3dly, it may be convex on both ſides, 
like our ordinary reading glaſſes, C. Or, 


Athly; it may be flat on one ſide and 
concave on the other, as D. Ithly, It 
may de concave on both fides, like the 
glaſs near- ſighted people generally uſe, 

as E. Gthly, It may be concave on one 
ſide and convex. on the other, like the 
cryſtal of a watch, though not in ſuch 
a degree, as F ; this is uſually called a 
meniſeus. Ichly, It may have one fide, 
which muſt be convex, ground into little 
facets, like thoſe of ſome jewels, white 
the other ſide is plain. Children know 
it by the name of a multiplying glaſs, 
286 G. 8thly, A priſm, which from its 
importance in explaining ſeveral pro- 
perties of light to be mentioned in the 
ſequel, I ſhould have named firſt, The 
priſm is a longiſh piece of glaſs which 
Kas three flat fides, beſides the two ends. 


; T dv not well know, even by a cut, how 
to 
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to give the lira an idea of its — 5 
A three ſquare razor ſtrap, as the vulgar 
expreſs it, will give a reſemblance of 
the priſm. I have ſeen the ſhank of a 
large drinking glaſs taken and ground 
down, fo as to have three flat ſides, 
| which anſwered all the purpoſes of a 
' priſm tolerably well. All theſe glaſſes 
mentioned above, are called by the _ 
mon name 2 Lenſes. 


| Tar more obliquely a ray of light 

falls upon any one of theſe, as we ſaid 
before, the greater will be the angle of 
incidence, and conſequently greater will 
be the angle of refraction. If, therefore, 
the ſolar rays fall upon one of theſe 


ghalaſſes with a ſurface not quite flat, but | 
- irregular, it is very evident that the ſame 


rays will fall with different obliquities 
upon theſe different ſurfaces, and conſe- 
quently be differently refracted, or bent, 
in their paſlage through the glaſſes; 
Let us illuſtrate this in every * 
85 glaſs 15 ; | 
5 A ray 
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63) perpendicularly on a plain glaſs, is 


| never refracted:; but if it falls obliquely 


it will be refracted upon its entrance into 
the denſer glaſſy medium, and be again 
refracted upon its exit from behind the 
8 glaſs into the air. It will alter its di- 
rection as it goes into the glaſs; but 
upon going out, it will reſume the 
ſame direction with which it entered. 
Thus it will be refracted i in the line BC, 
upon entering; and upon going out 

wil be n refradted 1 in the line 85 D. 


+; 4 <S) 5 "Wer $ 


Ie ſeveral tays "of f light fall hide: 
on a:glaſs E D, convex on one fide (fee 
fig. 640 they will be differently re- 
tfracted, in proportion to the obliquity 
| with which each of them falls upon the 
| ſurface. The middle ray, for inſtance, 
which | pete perpendicularly” through, 
will not be refracted at all, but go on 
ſtraight forward. All the other rays, 
however, will ſuffer refraction. The 
= | ray 


= 


8; 
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y CE Will be refracted upwards to F; 
thi ray A D will be refracted Wenn 
40 the lame point. There they will 
| croſs, And then go onward, diverging 
or ſepathting from each other for ever; 
chat which'came from the bottom goin 
upward,” und that which” came from the 
top downward.” The figure we have given 
there is flat, but it "muſt be "ſuppoſed 
: Found, the glaſs being repteſented edge- 
Ways. If fo," therefore,” the collected 
bundle of rays, palflug through the glaſs, 
unite” and forth a cone, or a figure like a 
"candle extinguither,' the bottom of which 
is at tlie glafs, and the point at F. This 
point, as we once before had occaſion 
10 mention, is called the focus of the 
glaſs. From a calculation in deep geo- 
metry we learn, that the diſtance from 
this point is always equal to the dia- 
meter of the circle Which the glafs = 


would make if its convexity were con- 
tinued, | ” 


$ 
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= . . 
really upon a glaſs DE (fe fig. 65) 
equally convex on both ſides, they will 
be refracted ſtill more abruptly, and 
meet ſooner in a point or principal 
focus at F. The diſtance of this focus 
is, we are informed by the ſame abſtruſe 
calculation, equal to the ſemi-diameter 
of the circle, which the convexity of the 
glaſs continued would make. Either 
this glaſs or the former, as they collect 
the rays of the ſun into a point, will 
burn. at that point, ſince the whole force 
of the rays is concentrated, there... Their 
ſurpriſing power in this way we have 
* had occaſion. to mention before. The 
- | broader the glaſs. in theſe inſtruments, 
. the greater will ben its rr. - 


* 


"| 7 * parallel c rays, "firibing upon theſe 
| "glaſſes, are thus converged. to a point, 
it muſt naturally follow, that when the 

rays, diffufing themſelves from a point, 

as from a candle, ſtrike one of theſe 

glaſſes, they will be _—y parallel. 

VOM Vo 8 N 
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If, therefbre; we place a candle at a fo- 
eal diſtance from one or both of theſe 


glaſſes, av at /, its rays will, upon going 
through the glaſs,” all run parallel to 
each other. If the candle be placed 
nearer the glaſs than its focal diſtance, 


the rays, after paſſing through the glaſs, | 


will no longer run parallel, but ſeparate 


or diverge: if it be placed further off, 


the rays will then ſtrike the glaſs more 


parallel, and will therefore, upon paſſ- 
ing through it, converge or unite at 


s mee diſtance behind the glaſs. | 


ow it s very RR IO that diere 


n fall, as in the ſolar rays, they 
not only unite, but they alſo form an 
inverted picture of the flame of the can- 


dle, as may be ſeen on a paper placed at 
the meeting of the rays behind ! How 


the image is inverted is eaſy to appre- 


hend; for we obſerved above, that the 
upper rays, after refraction, were ſuch 
as came from the under part of the lu- 


minous body; and that the under "rays, 


gas — TE DL 9 * 5 " —_ 
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on the contrary, came from its top: fo 7 
that the rays are turned up- ſide down, 


very pleaſing to view a picture of this 


kind thus formed, each ray preſerving 
the colour it had in the luminous object, 


| hadings of the little piece are far be- 
ond the reack of art; and the deſign 


far more correct than that of the fineſt 


painter. We mention the candle as being 


an obvious luminary; but if any object 


| whatſoever be placed at the proper di- 


ſtance from a convex glaſs, its picture 


will be in the ſame manner -thrown be- 
hind, and may be received upon paper, 


or any other body whatſoever; in all its 
natural proportions and colourings. The 
nearer the natural object is to the re- 
frafting glaſs; the farther off will this 
picture: be behind it; becauſe, as we 
ſaid before, the rays which form it do 
not then converge or unite, but at a 


. diftance. The farther: off 
the natural object is; the nearer will be 


the 
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the focal diſtance it makes, and conſe- 
quently the nearer will be the picture 
behind the glaſs; for wherever the fo- 
cus is, there will the perfect picture be. 
However, when the rays come from ſeve- 
ral objects at a moderate diſtanee, they 
may be then conſidered as all Parallel, 
and this difference of focus i is thi im- 


ane 


0 put * 15. _ laid in ebe 

nts As the rays of the ſun may 
be all conſidered as falling parallel upon 

every glaſs of the convex kind, ſo they 
muſt. always unite behind it in a focal 
point. As all the rays flowing from 
other objects are not always parallel, 
when placed too near the glaſs, they 
| ſeparate after refraction, and run off 
divergent; when placed at a proper di- 
ſtance, they unite or converge in a fo- 
cal point, and there imprint a picture, 


if there be any thing properly placed to 
receive it, in which the natural figure 
24 U3 Et, will 
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= © be repreſented, its motions, its co· 
| gur, and ſhadings: 4 


Tur 3 foregoing os may 5 5 
demonſtrated | with a common reading - 
glaſs. If a candle is held fo near it, as 
that the rays paſſing through ſhall ſtrike 
the wainſcat of the chamber with a bright 
ſpot, juſt as large as the glaſs itſelf, the 
candle is then at the focal diſtance; and 
rays, ſtriking the glaſs divergently, are re- 
fracted through it, parallel to each other, 
neither ſpreading nor drawing tagether 
as they proceed. If the candle is held 
nearer than the focal diſtance, the rays 
will fall then more divergent upon the 
glaſe, and will conſequently be refracted 
more divergent, ſo that they will form 
a very broad ſpot of light upon the wain- 
ſcot. If the candle be placed at a much 
greater diſtance than the focus, the rays 
fall upon the glaſs more parallel, and 
conſequently when, they are refracted 
MY tend i unite * annere behind 
the 


as 
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the glaſs, and will form but a ſmall 
ſpeck of vivid light on the wainſcot. 


This ſpeck, if cloſely examined, will ap- 


an a enn picture of the candle. 


Every viſible point, in any body 
whatſoever, may be conſidered as a can- 
dle ſending forth its ray, which ſplits and 
| pencils out into ſeveral other rays before 
it arrives at the eye, Each body is as if 
eompoſed of an infinite number of ſplen- 
did points or candles, each point with 
its own radiance, and diffuſing itſelf on 
every fide. Inſtead of one body, the eye 


in fact is impreſſed with thouſands of 


_ radiant points ſent out from that body, 
which being grouped at the bottom of 
the eye, imprint the picture of the ob- 
ject from whence b flow. Each 


Ou ſends f n its ray. 


e if, inſtead of candle uche we 
lh that of the ſun, by holding this glaſs 
oppoſite his beams, as theſe all firike 
the glaſs parallel to each other, they 

e will 
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will be united. ſoon into a FO bella, 
and where they unite will burn with 
great fierceneſs. Suppoſe we adapt this 
glaſs, ſo as to fit an hole in the window- 
ſhutter of a darkened chamber, ſo as that 
no light ſhall come into the room but 
through the glaſs; then letus place a ſheet 
of white paper behind it at the proper di- 
| Nance," we ſhall thus have a camera oßſcura; 
for a picture of every external ohject will 
paſs through the glaſs, and he painted 
upon the paper in the moſt beautiful 
colours that imagination can conceive, 
and all the motions of thoſe objects alſo. 
It 1 1s neceſſary, 1n this experiment, that 
the. window ſhould not be oppoſite the 
fun; 3 for then we! ſhould ſee no image 
but that of his brightneſs; and yet it 
is neceſſary alſo, that while we make the 
experiment, the ſun; ſhould ſhine and il- 
luminate the objects ſtrongly, which 
are to paint themſelves within. With- 
our this ſtrong illumination, the rays 
vil be * ſo 1 from __ 1 


1 N. c 4 . 
* " $7 = Py . 
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that we ſhall have but a very Faint pic- 
has ts any at * NL 


\Parvirens 20 arokjtedty en make 
uſe of a ſimilar contrivance to take a 
draught of landſkips or buildings: their 
| glaſs is fixed in a box, and by means of 
a mirrour, on which the objects fall, 
they are reflected upon oiled paper pro- 
perly placed, upon which the artiſt 
ſketches his draught. With regard to 
the contours, or out-lines, which this 
picture gives, nothing can be more ex- 
act; but, with regard to the ſhading and 
colouring, the artiſt can expect but little 
aſſiſtance from it: for, as the ſun is every 
moment altering its ſituation, ſo is the 
landſkip every moment varying its ſnade; 
and fo ſwift is this ſucceſſion of new 
ſhade, that while the painter is copy- 
ing one part of a ſhade, the other part is 
loſt, and a new ſhade is thrown ow 
baue other object. 


* % 
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IF fuch a glaſs be ſo fitted to an hole in 
a dark lantern, ſo. that little pictures, 
painted in tranſparent colours on pieces 
of glaſs, may be paſſed ſucceſſively along 
between the glaſs and the candle in the 
lantern, .we ſhall thus have a magic lan- 
tern. The pictures, ftriking the glaſs 
very divergent, will be refracted very 
divergent alſo, and will be painted upon 
the wall of the chamber in all their co- 
lours, as large as we pleaſe to make them; 
for the farther the wall is from the glaſs, 
the more room will the rays have to di- 
verge. To illuminate the little figures 
more ſtrongly, another glaſs muſt be 
uſed, which may either reflect or re- 
fract the licht of the candle upon them. 


BuT of all the e ee 
chat we know, thoſe made by art are 
nothing to the natural one of the eye, 
Which has its convex glaſſes, and diffe- 
rently refracting mediums, all adjuſted 
in the moſt admirable order, while a 
fine 1 is hung behind to receive 

| the 


Y 
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the image from without. But, to quit 
tawdry common-place obſervations, let 
us deſcribe the eye itſelf, and trace 
Nature through her various operations 

4n that wonderful piece of mechaniſm. 
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HE eye e We as we 

may eaſily obſerve by the eyes of 
ſheep or oxen when taken out of the 
head. But it is not perfectly round; 
for, if I may uſe the expreſſion, it bliſ- 
ters out a little before, as at E, (ſee 
bg. 84 | 


We all 3 that the eye of an ox is 
| compoſed of an external coat or ſkin, 
which, like a bladder filled with water, 
contains a fluid within it. This ex- 
ternal coat is made up of three coats, 
one without the other, like the bark of 
a tree, which may be ſeparated into 
three ;<Overings ; and the fluid within 
alſo is eaſily diſtinguiſhed into three 
tranſparent humours of different denſi- 

ties, 


Experimental Philgaphy. 299 
ties; one of them as thin as water, the 
other like. jelly, and the e 48 Nan 
25 eee ee W c 
„ i 8 2072 | 
Bur * 3 the 
eye. When we, take the eye of an o 
A the head, We firſt find: an outward 

fleſhy, ſkin almoſt covering, the ball of 
the, exe, which does not properly, be- 
lang to it, but to the ſkull... It is. not 
reckoned among, the coats. of dhe eye, 
although it makes what we call the 
white of the eye. Now. then, this mem- 
brane being taken away, there are under 
it three; proper coats belonging to the 
eye. The outward coat, is called the 

| ſeleratica, a finer coat next this is called 

the choroides, and the moſt. internal of 
all is the retina, which covers chiefly 
the internal back part of the . 8588 | 
kent, like . — On ih Gas ma ol che 


tri: 1 4 


1 4 
; 5 


e, and that part of it is therefore | 


called the cornea, or horny- coat. The 
cornea is repreſented hy DEG. The ſe- 
THE 3 ” 1 
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cond” _—_ or cborbider, does not line 
the cornea, as it does the other parts o 
the upper coat, but leaves a paſſage bes 
fore for the light to enter, opening in a 
Torn of mouth, which is gathered or ex- 
anded by little fibres, which open it 
or contract it, as running ſtrings do the 
mouth of a purſe. Theſe fibres are 
called the iris, and may be ſeen through 
the tranſparent cornen, and they alſo give 
the denomination of colour to the eye. 
Whenever there comes too much light 
to the eye, the circular fibres of the 
Iris contra. the opening ; whenever the 
light is rather wanted, the radial fibres 
of the iris, on every ſide, draw the 
hole more open. The little hole, which 
the irir thus contracts or dilates, is no 
bther than the pupil or ſight: that little 
black ſpeck, which we ſee ſo ſhining in 
every eye, and which we know to be 
ſometimes larger and ſometimes. leſs. 
The moſt internal coat is the retina; 
this lies at the back of the eye, and ſome- 
What reſembles 'a ſpider's web/ 
MPT. 0510019 | THE 
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Tux coats of the eye being thus diſ- 
poſed, the fluid within is diſtinguiſhed 
in the following manner. In the fore- 

part of the eye, juſt behind the cornea, 
lies a fine tranſparent fluid like water: 
it gives that protuberance to the eye on 
the fore - part, which was mentioned in 
the beginning, and fills; up; the cavity 
mm and uu. Farther. backwards lies 
the:; cryſtalline + humour L L, of the 
conſiſtence of gum arabic, and pretty 
much ſhaped like a ſmall horn- button 
mould: it ſtands with the moſt convex 
ſide backwards, and it is ſometimes 
brought forward a little by fibres, called 
the Ciliary Circle, which go round its 
edges like a hoop. Hindmioſt of all the 
humours lies that called the Vitreous 
Humour, K K, of the conſiſtence of a 
jelly, perfectly tranſparent, and in great 
quantity, filling all the back part of the 
eye. Now then, if we have a clear idea 
of the foregoing deſcription, we, muſt 
know, that the aqueous or watery hu- 
mour lies foremoſt in the eye, that the 
SY hard 
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cond” may or choroid#s, does not line 
the cornea, as it does the other parts of = 
the upper coat, but leaves a paſſage be 
fore for the light to enter, opening in 2 
ſort of mouth, which is gathered or ex- 
panded by little fibres, which open it 
or contract it, as running ſtrings do the 
mouth of a purſe. Theſe fibres are 
called the iris, and may be ſeen through 
the tranſparent cornea, and they alſo give 
the denomination of colour to the eye. 
Whenever there comes too much light 
to. 3 eye, the circular fibres of the 
tritt e contract the opening ; whenever the 
Light is rather wanted, the radial fibres 
of the irit, on every fide, draw the 
Hole more open. The little hole, which 
the irit thus contracts or dilates, is no 
other than the pupil or ſi ght: that little 
black ſpeck, which we ſee ſo ſhining in 
every eye, and which we know to be 
ſometimes larger and ſometimes. leſs, 
The moſt internal coat is the retina: 
this lies at the back of the eye, and fome- 
you reſlanbles A ſpider web. | 
0 . THE 
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Tux coats of the eye being chus diſ- 
poſed, the fluid within is diſtinguiſhed 
in the following manner. In the fore- 
part of the eye, juſt behind the cornea, 
lies a fine tranſparent fluid like water: 
it gives that protuberance to the eye on 
the fore - part, which was mentioned in 
the beginning, and falls; up the cavity 
mm and nn. Farther backwards lies 
the cryſtalline humour L L, of the 
conſiſtence of gum arabic, and pretty 
much ſhaped like a ſmall horn- button 
mould: it ſtands with the moſt convex 
fide backwards, and it is. ſometimes 
brought forward-a little by fibres, called 

the Ciliary Circle, which go round its 

edges like a hoop.' Hindmoſt of all the 

humours lies that called the Vitreous 
Humour, K K, of the conſiſtence of a 
jelly, perfectly tranſparent, and in great 
quantity, filling all the back part of the 
eye. Now then, if we have a clear idea 
of the foregoing deſcription, we, muſt 
| know, that the aqueous or watery hu- 
mour r lies Sree in the eye, that the 
| hard 
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hard cryſtalline humour ſtands Farther 
ack, by being placed behind che pupil, 
or hole of the eye, as we would fix a 
glaſs-behidd the hole of a ' window- 
ſhutter in à darkened room. Behind this 
is the- vitreous humour, filling the whole 
— apartment the eye. If v 
bree a ſheep's eye in an hard froſt to 
one night's freezing, the next morn- 
N all the humours bf the eye will be 
frozen, and we may with a ſharp knife | 
cut the icy globe in two parts; by 
Which means we ſhall have the _ 121 


my . oe n 0 
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ider or the kirbehure df the eye, abe wal 
ture and manner of viſion will be eafily 
' conceived. As every point of every viſible 
ee fends forth rays that ſtrike the 
e, let us ſuppoſe a viſual ray coming 
To the upper point of the external 
object A B. This, like all f tays coming 
from Aa — will diverge and ſeparate 


Experimental Philoſophy. 303 


az it goes along, and when it arrives 


at the cornea of the eye it will be ſpread 


upon its ſurface. Here, however, it is 
refracted by the aqueous humour, and 
thus it will be converged into a compaſs 
ſmall enough to paſs through the pupil, 
behind which it falls upon the cryſtal- 
line humour where it is ſtill more re- 
fracted; ſo that by the time it has 
paſſed thence it is nearly collected g 
into a focal Point, but ſtill converg- 
ing yet more as it proceeds through the 
vitreous humour, it will at laſt fall upon 
the back of the eye in a point: and 
| thus there will be as many points formed 

on the back of the eye as there were 
viſual rays ſent from every part of the 
object; ſo that the whole picture of the 
object will be formed on the back part 
of the eye. The poſition, however, 
of the object will be inverted, the bot- 
tom rays being refracted uppermoſt and 
inverſely, as we more than once had 
occaſion to mention. The picture being 
thus formed, it is painted on t the back part 

„n Ren” Þ a 
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of the eye, or the retina, which i is only | 
a a fine expanſion of the optic nerve, that 
is inſerted towards the back part of the 
eye. This nerve runs to the brain, 
and by that means all its pictures are 
e to the common n; . 


is "oy lien a „ ſubject of great ey 
do aſſign the cauſe how we come to ſee 
every object in its nathral upright po- 
ſition, when we know it to be inverted 
on the organ of ſenſation. How when 
Nature draws the picture the wrong way, 

we fo readily correct her errors and 
| wy it right again, even without being / 
conſcious of our rectitude. STO ſolve 
this, ſome ſay that we certainly fee every 
object the wrong way, but that our 
judgment firſt corrected the error, and 
habit corrects it in ſucceſſion. ' To car- 
rect this error at firſt, demanded an 
effort of the mind; but conſtant cuſ- 
tom at length grew a ſecond na- 
ture, ſo that, in a ſhort time, our cor- 
rections became mechanical and in- 
7 a.” ſtantaneous. 
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ſtantaneous. Judgment corrects ſo often, 
that it forgets that it corrects at all. As 
the motion of a tradeſman's / arms are firſt 
acquired by ſtudy and art, after a time 
he becomes -inſenſible of their exerciſe, 
and even in his very walk, they often, 
againſt his will, betray his profeſſion; 
ſo, ſay they, we have taught our eyes 
the art of ſeeing differently from what 
wy would ina my of nature. 


* 


Tun is Nei a wks DEN of accounting 
for the cauſes of things. According to 
them we are under continual deceptions; 
— tken tian we truſt our judgements 
at what they tell us is not a deception ? 
Ts trath is; if there be any real reſem- 
planet between things and our fenſa- 
tions; as the image is inverted in paſſing 
through the humours 6f the eye, wliy 
may it not as well be again inverted 
in its paſſage from the optic nerve to the 
brain, the picture on the eye is im- 
material in this conſideration; the pic- 
ture on the brain or common ſenſory is 
X 2 5 all 
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all that we ſhould ſtrive to diſcover, and 
that may, for ought we know, be upright 
enough; reaſon does not contradict this, 
and every moment 8 — con- 
3 3 1 W 


En to 8⁰ on with the; nature of 
dons Though the three humours of 
the eye be requiſite in ſeeing objects 
diſtinctly and at the proper ' diſtances, 
yet we can fee. tolerably well, even 
though one of them ſhould be taken 
away, particularly if we aſſiſt the ſight 
by glaſſes. It very often happens that 
the cryſtalline humour loſes its tranſ- 
parency, and thus prevents the admiſſion 
of the viſiual rays to the back parts of 
the eye. This diſorder is called by the 
ſurgeons, a cataract. As we know that 
the cryſtalline humour ſtands edgeways 
behind the pupil, all then that we have 
to do, is to make it lie flat in the bottom 
of the eye, and it will no longer bar 
up the rays that come in at the pupil. 
A ſurgeon, — takes a ſine ſtraight 
; _ awl, 
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aul, md thruſting it through the coats 
of the eye, he depreſſes the cryſtalline 
into the bottom of the eye, and there 
leaves it. Or ſometimes he cuts the 
coats of the eye, the cryſtalline and the 
aqueous humour burſt out together; in 
ſome hours the wound cloſes, a new 

aqueous humour returns, and the eye 
continues to ſee, by the means of a glaſs, 
without its cryſtalline humour. This 
operation is called couching for the ca- 
taraCt. | Cheſelden once couched a boy 
who had been blind from his birth with 
a cataract. Being thus introduced, in a 
manner, to a new world, every object 
preſented ſomething to pleaſe, aſtoniſh, 
or terrify him. The moſt regular figures 
gave him the greateſt pleaſure, the dark- 
eſt colours diſpleaſed, and even affrighted 
him. The firſt time he was reſtored, he 
thought he actually touched whatever he 
ſaw ; but by degrees his experience cor- 
rected his numberleſs miſtakes, 


Tux eye may be remedied When the 
cryſtalline! humouronly is faulty ; bu twhen 
X 3 there 


there happens to be a defect in the optio 
nerve L, which carries the image to the 
brain, then the diſorder is almoſt ever 
incurable. It is called the gutta ſerena, 
a diſorder in which the eye is, to all 
appearance, as capable of ſeeing às in the 
ſound ſtate; but, notwithſtanding, the 
perſon remains for life in utter darkneſs. 
The nerve is inſenſible, and ſcarce any 
wine can reſtore its ſans.” zi 


| Boer * the Ie nerve is thus 
we only conductor by which images 
are conveyed to the brain, yet there is 
an artery running through the midſt of 
it, upon which, if the rays from an object 
bappen to fall, there will be no picture 
whatſoever formed, and the object will 
remain unſeen. That part c of any image 
which falls upon the artery in the mid- 
dle af the optie nerve, is entirely loſt; 
for arteries have no ſenſibility, Fir: 
roploquently no power of percep- - 
tion. An eaſy experiment will ſhow 
wk Af ye fix ee back, patches 
wy ABG 
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ABO (ſee fig. 67) upon a white wall 
about as high as our eyes, each 
about” à foot diſtance from each 
other, one to the right, one to the left, 

and one in the middle. Now, if the 
ſpectator places himſelf at a ſmall diſ- 
tance before them, and ſhuts the right 
eye, then directing his left towards 

the” pater C, he will ſee the patches 
Aland C; but the middle patch B will be 


= LY the artery in his optic nerve, 


and Will therefore diſappear. Or, if he 
ſkiits his left eye, and directs the right 
towards A; he will ſce both A and C, 
but B. will diſappear”; and if he directs 
his eye towards B, he will ſee both B and 
A, but not C. Whatever patch falls 
under the artery is unſeen. This re- 
quires a little practice; but the ſpectator 
may ſoon become ſo expert, as by the 
direction of his eye to loſe whatever 
patch he thinks proper. In our ordi- 
nary intercourſe with viſible objects, we 

are no way ſenſible of this defect in our 

fight ; becauſe we turn the viſual parts 
. 1 
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of the eye with ſo much rapidity upon 
the inviſible part of the object. All 
loſſes that laſt but for an inſtant are im- 
perceptible; each moment that the eyes 
twinkle we remain in utter darkneſs ; 
the ſhort duration of our want alleviates 
CR „ UOY 


Tax nearer any object is to the eye, 
the larger is the angle by which it will 
appear in the eye, and therefore the greater 
will be the ſeeming magnitude of that 
body. Nothing can be more obvious. 
Suppoſe the object H K (fee fig. 68) re- 
moved at a hundred yards diſtance, it 
will form an angle in the eye at A. At 
two hundred yards diſtance, the angle it 
makes will be twice as little in the eye at 
B. Thus to whatever moderate diſtance 
the object is removed, the angle it forms 
in the eye will be proportionably leſs, 
and therefore the object will be dimi- 
niſhed in the ſame proportion. From 
this diminution of the magnitude of 


waer we generally Judge of their dife 
| fancey | 
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tance. I ſee a man upon the mountain 
fide; he really appears to my eye an 
hundred times leſs than the child that 

ftands'near me. Inſtead of ſaying that 
the man is leſs than the child, I correct 
the information of the ſenſe, and ſay 
that the child is much nearer me than 
the man. However, after all, jt is, at 

preſent, with a great ſhew of reaſon diſ- 
puted, whether theſe angles have much 
to do in viſion; a child one yard diſtant 
from the eye appears under twice the 
angle of a tall man four yards from the 
eye; Vet we know that painters, whoſe 
buſineſs is to imitate nature, make no 
ſuch abrupt diminutions in perſpective; 
their men, though ten yards behind, are 
larger than their children on the fore- 
ground of the canvas. The rule of 
angles therefore, is not obſerved in 
bodies very near, nor does it make any 
diſtinction in the diſtances of objects 
very remote. The celeſtial bodies ſeem 
all ſtuck upon the ſame ſtarry vault, at 
ene diſtance; the mountain's top, when 


far 


312 1 1 Sunver. of. 


far removed into cloudy . 
ſeems to enlarge rather than to diminiſh 
by ite remoteneſms. The viſual angle 
therefore, under which a body is: ſeen, 
will only be juſtly diminiſhed at mo- 
erately: remote diftances; Vet, after all; 
though the perſpective diminutibni of 
objects give us an obſcure: idea of their 
Ae yet painter are obliged· to call 

another art to their raid; to give thelr 
figures the proper degree of remoteneſs; 
they ſpread: over each a thich culburing 
of air; for the more remote thecohñject: 
the:more” do its on colours ſeem: loſt 

in that of che intervening” atmoſphere, 
This is called keeping for by this means 
every object in a picture ſeems! 16 Keep 
ite 3 re from the reſt,” 
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of viſible objects only upon one angle 
eye, we need ſcarce” repeat the proverb, 
that two eyes ſee better than one. In 
fact, by means of two we ſee more 
plainly, and are 2 better er prepared, 

in 
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in e accidents- Opticians generally 
| us with a figure, by which they 
: — method of two eyes ſeeing the 
fame body at once (ſee fig. 60), In this 
both eyes are turned inwards, in order to 
take a view of an object placed at a ſmall 
diſtance from them; ſo that they may be 
thus ſuppoſed: to behold the ſame object 
only as one ſingle body. This figure, 
and the theory alſo derived from it, ſeem 
to me erroneous. We cannot turn our 
eyes both in ward or both outwards, un- 
leſs we ſquint. For - inſtance, let a 
perſon try to Grow both eyes at once 
on the point of his own noſe, he will 
find himſelf utterly incapable of doing it. 
Nor do we, when turning both eyes 
towards the ſame object, ſee it ſingle, as 
this figure would repreſent, but actually 
double. If we firſt obſerve an object with 
our right eye, and mind what part of the 
wainſcot it correſponds with, then let us 
obſerve it with the left, and it will ſeem 
to correſpond with a different part. 
Then let us r it with both eyes at 
once, 
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once, and the object will ſeem 1 in a ſitu- 
ation between the two points with which 
it before correſponded. Thus we really 
ſee an image of the object to the right, 
and another to the left; but our judg- 
ment determines it to be but one image 

between both. If we preſs the globe of 
either eye inwards with our finger, we 
ſhall make that eye ſquint; and we ſhall 
fee juſt. in the manner as a man that 
ſquints naturally. But by this preſſure 
we ſhall. find, that if we turn to any 
object, we ſhall ſee two images inſtead of 
one; whereas, the man that ſquints 
naturally, thinks he only ſees one ſingle 
image. Whence comes this difference? 
The truth is, he ſees two images as well 
as we; but he has long ſo learned to 
bethink right, that he forgets he was 
ever wrong: the miſtake is new to us, 
and therefore the error is obvious. All 
perſons, how ſtraight ſoever their eyes 
may be, ſee two images, juſt as a man 

who ſquints; but like him, they bring 
their other ſenſes to correct the errors 
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of viſion. I once ſaw a diſorder where 
the judgment was too feeble to give 
laws to ſenſation. Almoſt every one of 
the ſenſes brought the unhappy patient 
its erroneous information; but I could 
not avoid remarking, that his fight pre- 
ſented every object to him double. 
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1IMOS T every eye is 6 franied 
as to be able to ſee diſtinctly at 
different diſtances rays coming from dif- 
ferent parts of the object. To ſee objects 
diſtinctly, it is requiſite that each ray 
ſhould be diffuſed upon the cornea, and 
from thence be converged into a point, 
which will help to ſtipple or point out the 
image of the external object upon the back 
of the eye. On this union, or pointing of 
the rays upon the back of the eye, depends 
diſtinct viſion; for ſhould they be united 
before they come there, or ſhould the 
point where they would unite, lie far- 
ther back than the retina, it is evident 
that the ray, from each point of the ex- 
ternal object, would thus take up too 
much room in the back of the eye, and 
mix with that next it, and that with 


another, and ſo all the rays would be 
thus 
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thus mixed and blended together on the 
back of the eye, exhibiting together a 


very confuſed repreſentation * the ob- 
ject without. . 


1 Now, the greater the diſtance from 
whence rays come, the more parallel do 
they fall ypon the eye; whence, there- 
fore, the image of near bodies will not 
converge in the eye ſo ſoon as the diſtant 
ones; when they come from a leſs diſ- 
tance ' they are more widely ſcattered. 
The, eye then muſt have a power of 

adapting its form to the reception of 
bodies at different diſtances. That is, 
if it is to receive the image of diſtant 
objects whoſe rays come parallel and 
converge quickly, it muſt have a power 
of bringing the back-part of the eye 
more forward to meet the focus of the 
convergent rays. On the contrary, if 
the object be very near, as the viſual rays 
will then converge very far back, the eye 
muſt have a power of lengthening its 
orbit, in order to let the rays fall at 
a proper 
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a proper r focal diſtance on the retina be⸗ | 
bind: All this is performed by means 

0a; fix muſcles which are inſerted into 

| the outward coat of the eye, which, like 
fo many cords or pulleys, lengthen the 
eye- ball at pleaſure. So that by their 
means, the eye which is globular, is 
ſometimes lengthened nearly into the 
ſhape of an egg with the ſmall end fore= 
moſt.. When the object to be ſeen is 
very near, the muſcles act together, and 
Jengthen the eye to make a long focal 
diſtance ; when the object is remote, the 
eye reſumes its natural form, and the 
focal points of the diſtant Trays fall port 
the retina. 3 3 


: var, notwithſtanding this contrivance 
of Nature to adapt our eyes to different 
objects at different diſtances, there are 
ſome eyes, in which, rays comin g from 
diſtant objects, will not find a proper 
focus, and objects will be therefore eon- 
fuſedly ſeen; while there are others 
where the rays from 1 near objects will, 


by 
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(ſee fig. 0) it will refract the rays too 
ſoon for diſtinct viſion. For the rays 
ä that enter it from the object C, will be 
converged to a focus much too ſoon, 
and before they come to the retina at V. 
P erſons thus affected, are ſaid to be near - 


ſighted, that is, they can ſee objects near 


the eye whoſe rays enter very divergent, 
with minute preciſion; but if the objects 
are removed at any conſiderable diſtance, 
they become confuſed and indiſtinct. 

If the ball of the eye has been long 
kept in a lengthened poſition by regard- 


ing very minute objects, it will, at 


length, aſſume this conſtrained form, 
and the perſon. will become near 
ſighted from the elliptical figure of his 
eye. Thus we ſce ſeveral perſons be- 


comes; ſhort ſighted, when the nature of 


their employments obliges them to be 


conperlonx with the ſmalleſt ſubjeQs, as 


Vor. II. Y 5 miniature 
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: by. falling too far back into the eye; be | 
equally; :confuſed.- For if, in the firſt 


caſe, the cornea, or eryſtalline humour of 
the eye, be very convex, as in the eye B 
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miniature painters, virtuoſi, and watch⸗ 
makers. This inconvenience is remedied 
by uſing a concave glaſs, which always 
cauſes the rays to diverge; ſo that when 

they are made to fall diverging upon 
tte eye, the focal diſtance is removed to 
| the proper Re? and is * upon the 
Fs: e 


on the wh ink; there afe eyes 
has require the uſe of convex glaſſes to 
make them ſee objects diſtinctly. For 
if the cornea aber, or cryſtalline hu- 
mour be too flat, as is uſpally the eaſe 
With che aged, they will not refract the 
rays ſs ſoon, wherefore their focus would 
fall behind the retina, and thus cauſe an 
_ Hndiſtin& impreſſion. This infirmity is 
remedied by uſing a convex glaſs, which 
converges the rays before they come to 
the eye, and throws them, thus converg- 
ing, upon the flat cornea, which, thus 
aſſiſted, throws them een to the o- 
wal Giſtatice, | - | 


Bur 
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Bur there are other glaſſes which we 
now come to explain. 'The microſcope, 

which magnifies ſmall bodies to fuck 
immenſe bulks, is an inſtrument of in- 
finite uſs to philoſophy, fince by it a new 
world is opened to the eye, of which 
mankind before never even ſuſpected the 
exiſtence, Of all thoſe who have made 
microſcopical diſcoveries, Leeuwenhoek 
deſerves the firſt place; his reſearches 
were generally guided by ſenſible theory, 
and not diffuſed at random throughout 
all nature. He made many microſcopi- 
cal diſcoveries which Wave been ſince 
found true by repeated obſervation 5 he 
has made others, which we have adopted 


barely upon his authority; for neither 


our eyes nor our glaſſes are capable of 
arriving at a clear view of their minutes 
neſs. He left his microſcopes to the 
Royal Society; we have ſince made 
others that magnify many degrees be- 
yond them; yet for all this, our diſ- 
coveries fall ſhort of bis obſervations. 
Long habit Probably taught him better 

1 arts 
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_— adaptive his inſtruments, and 
fitted his eye more properly to them. 
the larger the angle it will be ſeen un- 
der; but then if placed too near the 
naked eye, the image will be confuſed 
and irregular. The microſcope reme- 
dies this defect; it brings the object 
cloſe to the eye, and n . not thunder 
pane; "_ 1 
20 . common qa imme (ſee 
200 71) is only a ſmall and very convex 
2laſs, as c d. The object tobe magnified 
is placed at its focal diſtance,” and the 
eye is to be at the ſame diſtance on the 
other. ſide. The rays flowing from 
every point of the object run parallel 
after refraction, and ſpread themſelves 
upon the cornea. From thence they are 
_ converged into as many different points 

on the retina, forming one large diſtin 
picture. Large, for the object being 
very near is ſeen at a great angle; diſ- 
_ for the Me: _ fall parallel 
78 upon 
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upon the cornea. If we would know 


mathentatioetty; how much a glaſs __ 


this kind magnifies the object, geometri- 
cians ſhew that we muſt firſt find out 
the focal diſtance of the glaſs, that we 
muſt next try at what diſtance we can, 
with the naked eye, view the ſame 
object diſtinctly. ' Divide this laſt diſ- 
tance by the former, and the quotient 
18. be * cop 8 e increaſe. 
Tur Joible; or compound ciao ; 
ths fig. 72) conſiſts of an object glaſs 
c d, and an eye glaſs ; the object to 
be magnified is placed at ſomething 
more than the focal diſtance, by which 
means the rays converge after paſſing 
through it, and form the picture of 
the object a little before the eye-glaſs 
e, and if it be properly placed, the picture 
ſhould be exactly in its focus. The rays 
diverging from this picture fall upon 
the eye glaſs, where they again ſuffer 
- refraction and paſs on parallel to the eye, 
and will then be converged upon the retina, 
1 and 


4 


and "REY eee The 
magnifying power of this microſcope is 
s follows. Suppoſe the image g h̊ to be 
ſix times the diſtance of the object a6 
from the object glaſs cd, if ſo, it will be 
fix, times greater; this image may be 
ſeen diſtinctly, if placed within an inch 
of the eye-glaſs, whereas, the naked eye 
could not ſee it diſtinctly but at ſix 
aches nce; conſequently it will 
be viewed under an angle ſix times 
greater ſtill. ...So that it is increaſed fix 
times fix, which make thirty-ſix times. 
Its diameter will be thus magnified; its 
hole ſurface will be therefore increaſed 
by the». ſquare 1 the - n 3 is 
25 times. Ae 3 7 


e we fans by: 9 one 1 
how much the ſurface of the minute 
object is enlarged ; a third and a fourth 
glaſs, if added, would magnify it fill 
more; but this addition of new glaſſes 
n abſblutely precluded, becauſe the more 
the glaſſes are increaſed, the more muſt 
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the light be diminiſhed, and the darker 
will the object appear, till at laſt it be in» 
volved in utter obſcurity, Mathematical 
| inftrument-makers have contrived various 
ways of making microſcopes, and have 
given to each a peculiar name. There 
are catadioptie microſcopes; ſolar micro- 
ſcopes, reflecting microſcopes, and fo 
forth; the deſeription of but a part of 
theſe might occupy volumes, and the 
peruſal might be of adyantage to mathe- 
n inſtrument makers. 


eren -indoroſiopes perform 
upon minute bodies, very near ; tele- 


ſeopes perform upon great bodies very 
remote; namely, they enlarge the angle 


in the eye under which the bodies are 
| ſeen; and thus, by making them very 
large, they make them appear very 
near; the only difference is, that in 
the microſcope, the focus of the glaſſes 
is adapted to the inſpection of bodies 
very near; in the teleſcope, to ſuch as 
are more remote. Suppoſe a diſtant object 
| * 4 at 


N 


— „ += * p 
2 


© other convex. glaſs of the tube. fx: The 


image will be viewed thre! 
7 under the angle ge hi ſo that the object 


4 


| | fixed { ſtars, c. Praia two glaſl 


at AB (ſee ig? 7 8 rays come' nearly 
mn and fall ag the dVeN 'glaſs ö 
wit converge in 
ints, and; form the object E at their 
focus. But it is uſually. ſo contrived, 


that this focus is alſo the focus of the 


lyse of each pencil; therefor, will iow 


<3 pod before" bar! n this: on [ 


2 the pe ſe, as at e, od > 
pupil of the” eye being in this focus, the 


ough thb. glaſs, 


will ſeem at E under the angle De C. 


This teleſcope inverts che image, and j 


therefore is only proper for viewing 
ſuch bodies, as 1t is Mn in what 


ſition they ap ſuꝝ 25 4 | 


nore, the image may be ſeen uch. 


| he magnifying power of this tele - 
ſcope is found by dividing the focal 


of the "ow glaſs, by the focal 
Ade 
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diſtance of the eye-glaſs, and the 9uu0= 
tient NR the eins e 


| he is, not we ge of the inſane 
dlementa ry ſyſtem, to exhibit. long or 
accurate accounts of the whole philoſo- 
phical apparatus; the variety of tele- 
ſcopes is ſtill greater than. that of mi- 
croſcopes. The art of uſing theſe, or 
of underſtanding their conſtructian 

thoroughly, i is beſt learned from the a 
tificers ;whole only buſineſs. is to make 
them. Teleſcopes have received ſome 
improvements finee the beginning off 
this century. Thoſe they have received 
from Mr. Dollond, a mathematical in- 
ſtrument-maker, deſerve to be men- 
tioned. By increaſing the number of 
glaſſes in the refracting teleſcope, he 
has made an inſtrument of this kind, 
but three feet long, magnify the ob- 
ject as much as an ordinary teleſcope 
of ten. It was long thought, and even 
demouſtration had been brought to 
prove, that 2 teleſcopes were 
incapable 
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3 of farther improvement: by 
the addition of a greater number of 
glaſſes. It was ſaid, that ſome rays of 
light were more refracted in © paſſing 
through glaſſes than other rays ; ſo that 
numerous glaſſes would permit only 
the leaſt  refrangible rays to paſs on 
through them all to the eye; and theſe 
rays which had been thus ſtrong enough 
t get through, being but few in number, 
And all of one r they would im- 
Print no picture. Dollond, however, 
diſregarding the e tried the ex- 
periment of adding more glaſſes, and 
not ſo very refrangible. It is remarkable 
enough, that the members of the acade- 
my of Peterſburgh, propoſed the im- 
of the refracting teleſoope 
do che drarhned, as a ſubject for the year's 
prize, the very year Dollond made this 
diſoovery. Dollond's improvement was 
yet unknown. Another received the 
veward, who aſſerted that the . 
arri was awpolkble. | 
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CHAP. VL 


; Glens or of object feen by being 
ee From pol: Med, farfaces. | 


Wo T ER ine as conciſely as 
. poſſible, ſhewn the various won- 
= of viſion, why, remote bodies appear 
ſmall, why glaſſes ſeemingly alter their 
diftance and magnitudes; ; after having : 
ſhewn how the -eye itſelf is an optical 
machine of the fineſt contrivance, capable 
at once of lengthening itſelf for diſtant 
view, and ſhortening for microſcopic Vie 
Hon; yet ſtill new wonders remain behind. 
How a looking-glaſs comes to reflect 
images, without their touching it; how 
the whole figure of « nan box Tt high 
thall be ſeen in a glaſs not above three 
feet? How when we lock at ſome 
pointed ſutfaves, as a watch caſe, for 
inflante, a man's face feems not bigger 
"than his nafl? While, if we lock on 
on furfuces, the face ſhall - be of gi- 


gantic 


* 
9 


. e Suzy» x hi 
> _- gaatic hes. ; theſe are all at that 
the curious would wiſh to underſtand, 
aul * inexperienced to examine, 


Brroxk Newton Sranded nature to 
our view, it was ſuppoſed that every ray 
of light which bodies reflected, re- 
bounded from their ſurfaces, as we fee 
a marble” bound when ſtruck upon the 
pavement. Newton, however, taught 
mankind, that rays of light never touch 

the bodies from whence they are "Te 
fected; but that every ray, when it comes 
within a certain diſtance of the body, 
either paſſes entirely through, or is again 
| ſtruck back, as we ſee filings of Keel 
when brought. near to the loadſtone. 
However poliſhed the ſurface of the 
ſmootheſt object may ſeem to 0 our "fight 
"and touch, yet it is, in fact, one con- 
tinued _allemblage | of inequalities. To 
zus theſe inequalities appear ſmall, ; but 
if compared with the {mallneſs of light, 
they. are as mountains. From the ſur- 
face of, fuchsthereforg, i it cannot be ſup- 
S059 , — 
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poſed that rays will be reflected with 

that uniformity we uſually obſerve ;' or 
that we could ever ſee an image of 
ourſelves completely reflected; for un- 
equal ſurfaces muſt make unequal 
and ſcattered reflections. If light,“ 
ſays Newton, © were reflected by ſtriking 
on the ſolid parts of the glaſs, it would 
| be ſcattered as much by the moſt po- 
liſhed glaſs as the rougheſt. We muſt 
be obliged to allow, therefore, that it is 
reflected before it arrives at the ſurface, 
and that the whole body, and not any 
ſingle point, drives it back; all the 
parts oppoſe their united repelling 
power, to meet the incurſive Waere and 
drive them back with er int 


Lam us, did for a ſhort time; Pc 
poſe that every reflected ray ſtrikes againſt 
the body, and rebounds from it to the 
ſpectator's eye, like a tennis ball to the 
racket of a player. Now, whatever was 
the direction in which the ray ſtruck the 
__ it will rebound with a contrary 

direction. 
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n If I ſtrike an ivory elaſtie 
ball againſt the pavement, whatever 
force I impreſſed upon it, it will reſtore 
itſelf with a contrary foree; and what- 
ever direction gave it, it will rebound 
in a contrary direction. If I ſtrike ut 
pendicularly; if I ſtrike it in an oblique 
other way. This is neceſſarily the reſult 
of its elaſtic quality. A ray of light 
may be conſidered as an elaſtic body, 
and whatever be the angle of its inei- 
dence upon the plain ſurface, the angle 
of its reflection will be ſimilar. The 
line A C (fee fig. 74) is the line of iaci- 
flection, and theſe form equal angles on 
he ſurface of the poliſhed mirrour; ſo 
that all the rays coming from the object, 
and falling upon the mirrour at C, will 
ſtrike the eye at B, and the reflected 
now a difficulty remains. How comes 
it then, that we do mot ſee the 
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y at C, ſince it is there that all its 
rays fall; and why do we ſee it deep 


within, or behind the mirrour, at D ? 
This is anſwered thus; no object can be 


ſeen that does not lie in a ſtraight line 
from the eye, or, at leaſt, appear to do 


ſo. The body A, therefore, when it 
comes reflected to the eye, will appear to 
lie in the ſtraight line B D, which, 


fſiüince the angle of incidence is equal 


to that of reflection, will be exactly in 


therefore, going from A to C, will be 


ſieen at D, and conſequently, ſo will the 
picture. For, as the rays have diverged 


in going from the object at A A, and 
diffuſed themſelves upon the ſurface of 


into an equal focus, by the time they ar- 
rive at D D, and they will therefore 
be 5 eng DD. "24 


FRoM hence we may 1 ahh if A 
man ſees his whole image in à plain 
Tooking-glals, the part of the glaſs that 

5 | reflects 


| the glaſs, they will be again converged | 


i ” gs TP N ; 88 
. 9 * 5 5 <. > 
* 
* 
| 834 | SIR AS: ce 


reflects his image, is but one half as long 
and one half as broad as the man. For 
the image is ſeen, under an angle, as large 
as the life; the reflecting mirrour is ex- 
actly half-way between the image and 
_- eye, and therefore muſt make but 
an angle half as large as the image, 
N 4 other words, it is juſt half as large 
as the image which is of the ſame ſize 
with the man. Thus the man AB 
(fe 88. 750 will ſee the whole of his 
own image in the glaſs C D, which is 
133 but half as large as himſelf. His eye, 
= - at * A. will ſee the eye of the image at an 
1 equal diſtance behind the glaſs at E. 
Hie foot at B will ſend its ray to D; 
this will be reflected at an equal angle, 
and the ray will therefore go in the di- 
rection of F D A; ſo that the man will 
ſee his foot at F. That is, he will ſee his 
whole figure E F. But ſuppoſe his foot 
was lower than B at L, then he could 
5 not ſee it; for the ray L ſtriking the glaſs 
© at D, would be reflected with an equal angle 
. 'wP to NM, far above the man's eye, and 
j | | con- 
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bonſequbntiy out of his fight!” In the 
Fame manner as he advances or retires, 


he will ſtill ſee his o-πõe¾n image, if all 
the lines of reflection come to his eye; 


but if they riſe above it; like DM; ot | 


fall below it, that part of the object, to 
him, will be inviſible, though another 


ſpectator at M may ſee his feet at I; 


1 05 he _— cannot r 1509 
11717 „ IS: T; 11] 91 * « 27688 54 


Tuvs "ru lr tellec, not only 


-the object, but the diftance alſo, and that 
exactly in its natural dimenſions; but it 


is otherwiſe with regard to convex mir- 
. rours, ſuch; for inſtance) as a watch caſe, 
which diminiſh; or concave _— 
which; on the contrary, magnify it; 
to convex mirrours, the nearer we = 
- proach” them, the more” the image ſtarts 
back; in the caſe'of concave, as we draw 
near them, the image ſeems to ſtep for- 
wards beyond the 5 to meet 1 us. 4 
7 allig: A G ern 10 ; 


21 10 ſhow firſt, how: images ute kelendd 


i. the convex mirrour, we muſt ſtill 
Vol. II. 2 repeat, 


i . 
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1 
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a” 1 SvnvZT 1 
repeat the ſormer rule, that tha angle 
of reflection is ever equal to the angle of 

inchlence. Carrying this in our memory, 
let us ſuppoſe {fig. 76) an object A A is re- 
ere — — 


4 — 


e. Lale 18 certain, aac | 
* they make with it, will 
be more acute than if the mirrour's ſur- 
FAC perfect) Hat. If ſo, after 
keflection, the. reflected rays being ſup- 
Foſed to paſs onward to B, they will be 
| * 1 8 001 NET x from: gute, than 


de er ng aer than the fe. 


. * . other F wich . to 
Þ concave mirrours, an object muſt appear 

in them larger than the life, if it be 

1 moderately near (ſee fig. . 
For the pencil of rays B B falling at 
larger angles upon tht concave" ſurface, 

. 1A FOR are eder in not con- 
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2 Will thersftie; be Leet 3 


AA is larger and more diftant flom the 


| glaſs thai the real object B B, and there- 
N m it * OR GS. 


1 the jeal Pfiheiples f ratopirics are 
5 mathematical, and can be known 


only by thoſe who' are verſed in deen 


geometry; it would be vain to attempt 
leading the reader farther into this ſub- 
ject, as every ſtep onwatd would be found 
to increaſe the gloom. The principles 
| of this ſcience, particularly with regard 
to the places where objects are ſeen in 
mirrours, ate yet in diſpute amohg ma- 
' thematiciatis; and hitherto undeeided. 


Newton acknowledges the derermina- 
of an objekt, : 


tion of Mit apparent place 
ſeen in a concave mitrour, to be the 
. tnoſt difficult part of all mathematics. 
His words are, Punckiſillius dbeurata de- 
| lerminatio, problema ſalutu di Meillinun 
p 1 * hypothefi f alieui faltem veri- 


2 2 fe mili; 


ina 1 of 


Jak * acurata vere, nitatur aſſeertio. . 
The ſolutions of ſuch, problems will be 
den difficult, unleſs. we take the 

L 0 i. of ons, to. > ground a a 


e are eee bas optical 
deceptions which are effected by a pro- 
per combination of plain or convex mir- 
rours. We all know, that if a man 

ſtands with his face oppoſite a looking- 
i glaſs, and with his back to another, he will 
ſee his figure many times reflected. If 
an hexagon chamber, (one with ſix ſides) 
be ſo contrived as to have light admitted, 
in, ſufficient, abundance, from the top, 
and. a, large glaſs on every ſide, a man 
ſtanding in this, chamber, will ſee him- 
ik [multiplied into a ſeeming, crowd. 
The effec; is ſti Waere pleafing Woch can- 
dee light. e ft 9765005 £ uf 0399 


mee iſs to, eq Jigatiyh loo 
LET. there be ebe fix fd des, and 
; "divide its inſide by as many A parti- 


vs 24 


1 tions e from Fach, corner, which 
will 


fs * % 
” 4 I * * * . 


and let there be an hole made on every fide 
6 the an to. look penn "LOOP theſe” 


of the: 8 dans ee With | 
fineviled parchment, and the eatoptrie box 
is made. Whatever object we place 


upon the fide or ſides, at which we look: 


in, it will be multiplied in the moſt pleaſ- 
ing manner, and by turning different 
ſides, a variety of proſpects may be thus 
offered to the view, each ſeemingly 
twenty times larger than the en 
* nnn we WOE: beer af : 


ih ad 


” * 


. n en ” we fs a 2 
glaſs, ſuch as we uſually read with, at a 
hole on the ſide of the box, and place a 
looking glaſs in its focus, in ſuch a man- 
ner, that while the fœcus falls upon the 
mirrour, the mirrour at the ſame time 
reflects objects or pictures below; this 
will magnify thoſe pictures very much, 
"me place them ſeemingly at a great 
bar "WW; © diſtance 


Line each” urvidions writ Tooking — ; 


ES See SEATS * 


fle ing teleſeope is 50 the under; 
Thie mme was fiſt invented. by 


ung wary + dg refra@ites n 
and therefore ſubſtituted refleckors. He 
gave directions for making one of fix 
inches long, which was found to mag- 
nify objects as much ag a common re- 
fractor of four feet. If any reader de- 
fires: to knom the conſtruction of this 
jnſtrument he ſhall have it from Mr. 
peer s deſcription, which | 7 the 
ineſt that I bars met n 


2 2 © d i 8 5 


* e . 


> Ar hs Betten — 9 tube 
TT TE {fee fig. 78) is placed a large 
concave mirrour DUV F; whoſe prin- 
cipal focus is at m; and in the middle 
of this mirrour is à round hole P, op- 
poſite to which is placed the ſmall mir- 
rour E concaye toward the great one, 
ü 3 5 N „„ 


— 8 05-98: 


2323 — 341 
and fo fixed to a ftrong wire M, chat it 
may be removed further from the great 
mirrour, or nearer to it, by means of 2 
long e on the outſide of the tube, 
| keeping its axis ſtill in the ſame line 

P m N with that of the great one. Now, 
ſince in viewing a very remote object, 
we can ſcarce ſee a point of i it, but what 
is, at leaſt, as broad as the great mirrour; 
we may conſider the rays of each pencil 
which flow from every point of the 
object, to be parallel to each other, and 
to cover the whole reffecting ſurface 
DUV F. But to avoid confuſion” in 
the figure, we ſhall only draw two rays 


of a pencil flowing from each extremity 
of the object into the great tube, and 
trace their progreſs through all their 
reflections and refractions to the eye f 
at the end of the ſmall tube tt, . 


ee de cke great one.” e 


3,4 5 


AB to de at ſuch A ne, that the 
rays C may flow from its lower extre- 


2 4 mity 


© oy —— Fa h 
mity B. and the raye E. W upper 
_ extre! ity. As. then the the rays, C falling 
parallel upon the great mirrour at D, will 
he thenge reflected converging in. the di- 
tection DG, and by croſſing at Lin the 
prio ipal Berg of the mirrour, they will 
a xtremity J of the. in: 
| vented, image, K;-lumilar) 10 the lower 
extremity B of the object A B, and paſſ- 
ins on to the conca ve mirrour L, (whoſe 
focus is at n) they will fall upon it at g, 
and be from thanes reflected, con verging 
in che li N becauſe gm is ſhorter 
than g . a paſſing through the hole P 
f . ee, Id 1 
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to the lower extremity B of the object 
AB. But hy paſſin through the plano- 
ex glaſs R. in their way, they form 


chat extremity of the image at 5. In like 
manner, the rays E, which come from 
the top of the object AB, and fall parallel 
upon the great mirrour at E, are thenge 
enen an bing to its focus, where 
7 they 


1 3 
„ * * . 


8 A eee. Kot n 
inverted image IK ſimilar to the upper 
extremity A of the object AB, and thence 
paſſing on to the ſmall mirrour I and 
falling upon it at 5, they are tense re- 
flected in the conv ging ſtate 5 1 
going on through the hole Þ of the great 
mitrour, they would meet ſomewhere 
abdut 2, and form there the uppet ex- 
tremity a of the erect image a b ſimilar to 
the upper extremity A of the object AB. 
But by paſſing through the convex: glaſs 
R in their way, they meet and croſs 
ſootier, as at a, where that point of the 
erect image i is formed! The like being 
underſtood of all thoſe rays which flow 
from the intermediate points of the obs 
ect between A and B, and enter the tube 
T'T, an the iiteritieltite — the 
And the ey paſſing + on Er eee 
through the eye-glaſs 8, and through a 
ſmall hole e in the end of the leſſer tube 
tt, they enter the eye /) which ſees the 
ö f 40 by means of t the ee eye- glaſs 
| ” under 
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theiplaſs.R, were not. in their 
5 | this image might be viewed 


_ Ra T0 find them 
teleſcope, multiply 
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IE have hitherts Sounds us he 
VO Add body unebinpoünded and 
of parts reſembling Seh sther; * büt v we 


are now going to examine its texture 

more cloſely: : we ſhall now ſee that this 
fluid, though fo ſimple to all appearance, 
is made up of very different particles; : 
that it is compoſed of different coloured 
tints, and that from the nature of this 
compoſition ariſes that chartning variety 
n Which paint the face of Nature. 


* 
o a 
* ** . 


a vnn pleaſures we derive. from 
the beauty of colouring is owing to the 
different rays of light alone; for the ob- 
jects themſelves have no difference in this 
reſpect at all: the bluſhing beauties of 

the roſe, or the modeſt blue of the violet, 
are not in the flowers themſelves, but in 
the Vght that adorns them: odour, ſoft- 
neſs, 


Sele Philoſophy. 347 
Aal beauty of figure are their own 
but it is light alone that dreſſes them up 
in thoſe robes which hame the monarchs 
glory. Take away all light and their 
colour will vaniſh; let but a portion of 

light be permitted to e _ 
and their colours will be chang 
though the colours be lin the light dar, 5 
not in the objects, yet it i is in our po-er 
to change the ſurface of the object, and 

liüight inſtantly gives it another colouring. 
Thus in every cireumſtance we at beſt 
reſemble thoſe ſervants of painters who 
: Prepare, the frame or ſtretch; the canvas, 

but it is light alone that ra the 

4h 


58 e is a common experiment, and 
eaſily performed, to prove that the co- 
lours are not in the objects themſelves, 
but in the rays of light that fall upon 
them; and that if the nature of light be 
altered, the colours alſo will receive al- 
terations: Let a pint of common ſpirits, 

2 f 8 the 


| . ** a . * 
— vg 8 phovell 
as It bugins 46. — he ah ſpeRators | 
— Nan" round'ithe table,” and let one of 
them throw yan — ef ſult into the 
ning Fpirits, ill keeping it ſtirring 
+ Lo ſeveral handfuls of 
ſite o. ſuccefſively-thrown' in; the 
ſpectatous will fee each other frightfully 
I; their colours: being altered into 
blackneſs. Were the Solar flame 
0 the err An of this com- 
benin naturebur fuchas thoſe produce 


ONS 


n — were n opi- 
nion that the ſolar light was ſimple and 
uniform, without any difference or va- 
riety in its parts, and that the different 
colours of objects were made by refrac- 
5 reflexion, or ſhadows. But New- 
ton taught them the errors of their for- 
mer — ; he ſhewed them to diſſect 
A ſingle 


oat Ps thi: minuteſt 
preciſion, and demonſtrated that every | 
ray was itſelf. à compoſition of / ſeveral 
rays, all of-different: enen, each of 
which when ſeparate held to its, om 
nature, ſimple and unchan 
Wan, ** could be tried | upon i, 


0 / prove: ads this, it was ee 
firſt to find out a method of neee 
ſingle ray of light into the ſeveral rays 
of which it was compoſed, and this was 
effected by means of the priſm, or a three 
ſquare glaſs already deſcribed. Let the 
ſun ſhine into a dark room through a 
ſmall hole ab at ee in a window-ſhutter 
(See fig. 79.) and place a priſm B C, 
which we ſee endways in the figure, in 
the beam of rays A, in ſuch a manner, 
that the rays may fall obliquely on one 
of the ſides ab C of the priſm. We ſhall 
then ſee the rays "that paſs through the 
priſm ſtruek upon the oppoſite wall, ran- 
ged one above the other, violet, indigo, 
a en. yellow, orange, red. The 


range 


the great luminary wich different force. 
The red ray, for. inſtande, goes forward 
e forcibly; — of the reſtyand is 
or leaſt! refracted or bent out of 
eal courſe, but falls upon the 
ft in ieee at R. In 
prop eac eeding, ray has 
a fore, 7 is drivers. 1 more out of its 
r direction, till at the violet it 
aby paints itſelf upon the Higheſt Part 
45 . picture. D Anne ery V 4: 5 
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* we ſee aa; in nature the bright · 
ft colours: drive: forward from the ſun 
with the greateſt fbrce; and what we 
bel rere XPe gent, is confirmed by 
18. The brighteſt colours 
es with the. greateſt force; 


* | | "7 40 
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ths ted takes ftrong th PrelBone, ths 
braige'ts not 3 voolours 
ſtrike us leſs vivitly in ſudeeſſib p till we 
_ Wine tö tl Vvielet, WhIth Approaches 
Very heir to Mack; and / gives us: fülnt 
ea of därkneſs. "For: this reaſom dt 33; 
Hit whe Re eye Is very weak; adſearler 
colour betomès infiipportable}/irs imprefs 
6nd af to powerfiiliwatldihexttte the 
ſolaf beath HRIE datzles und Alſturbs the 
bran” Surgeons im chi caſe generally 
Pftefefibe a. black vbſectsth bei placed be. 
re the eye as where of black filky) fot 
Anlſtanee but viplet is lw oryn near ap · 

Piodching toblaukneſs, fo that that would = 
: do Ameſt as WIKI © yd: bobivib nad 
tlg 299002 nommo) 8 yd binn nigga 
::W 2:nbw therefore may conelude, that 
a ſiugle y of lights, which hefpre ſeparar 
tom foomied; to n f ar; unifarm white 


ppehrance 3s dompbbdrof- a hunde 
ndtefs alia nſevtn diſſeꝑent rips andehet 


whew ad/objecbaefiefis>themalh, it then 
:oppears whide.':/On:cthe comnraryslifthe 
6bjd@ e n rays toi ourixyegilt 

| Vo@hIE. | 1 1 then 


6 A Sur KV . 8 I 
— — of ll <A 11 
ve could find an object perfectly black, 
fuch a bofly would be to us perfectly in- 
vilible; ſuch however is not to be found 
in untute; aul painters in drawing black 
ohjecte are forced to heighten. all the 
ground with White: and it is ſo in na- 
ture : the black which we ſee is an aſſem- 
blage of different colours, and faintly re- 
flecting rays of almoſt every kind. Should 
it de doubted that white is but the aſſem- 
blage of all the colours of the priſm 
united,” numberleſs experiments can be 
eaſily brought to confirm it. The rays, 
when divided by a priſm, if they be 
again united by a common convex glaſs, 
will chrom a bright ſpot of white upon 
the ſame paper, where before they ſepa- 
rately painted the beautiful priſmatic va- 
riety; If 'a round board be painted with 
colours, imitatingthoſe from the priſm, 
and if it be then turned ſwiftly with a 
circular motion, ſd as that the eye cannot 


have time to view _ one of the colours 
8 „ 


but the ſilk inſtantly becomes purple. 
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diſtinaly; as it takes in the whole aſſem- 
blage together, the figures on the board 
will reflect every colour, and appear 
n or nearly en to . 


1 la reflected by ihe prin, 
are not only the moſt beautiful in nature, 
but alſo each in itſelf continues ſeparate 
and unalterable. When one. of thoſe 
primitive rays has been ſeparated from 
the reſt, nothing can change its colour. 
Send it through another priſm, expoſe it 
in the eye of a-burning-glaſs, yet ſtill ita 
colour continues unaltered: the red ray 
will preſerve its crimſon, and the violet 
its purple beauty; whatever object falls 
under any of them, ſoon gives up its 
_ own colour, though never ſo vivid, to 
aſſume that of the priſmatic ray. Place 

a thread of ſcarlet ſilk under the violet- 
making ray, the ray continues unaltered; 


Place an object that is blue under a yel- 
low ray, the object immediately aſſumes 
the radial colour.” In ſhorty no art can 
A 


— 


8 ue OKs emed 9 1 | 
ale) tbb»dolaus of -w\ſepirateg kay f It 
ies! its) tint toi every object: but: will 
aſſume nbne from any; neither reflexion; | 
refraction; avg any other means can make 
it forego its natural hue; like gold, it 


mity he tied byf every. experiment, but 
it willaſtillloome forth the ame. 
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SAN whatever" mmner Wm bonſider the 
coldubef AH e priſmatie tay, we ſhall 
nature. Mate ver com puſitions of ce 
_  boutinip/we-formpoifrexhmined/ with fn 
 wicrbſoope) thbyiwilkappear arudeitheap 
of diffextnÞþ colours wnequally-mixed.'':Tf 
by:Jjoildinfy for-inftance;/ a blue with? a 
yellqw, :weqnakeithe:eominon greeri 
will appear ta che naked eye. mollerately 
beautiful but hen we regard; it: mi 
mictoſcopio attentiom it ſeems a confuſed 
ma@ of clamandoblue parts aeagh iar: 
tidly. ug flactiog but one ſeparate chlour: 
butrvery>Bitierend is the Mur of: a priſi 
Matic xay h mtl ark anmake ane af equal 
| kiightacly azad te more cloſely. e exar 
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mine it, ide more ſimple wappeare. I 
magnify ads ee x. colour is but 
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1) AMTDST all: the variety therefore ifi 
nature, there are but ſeven original co- 


jours; violet, indigo, blue, green, yel- 


low, nenen red. Of theſe ſimple 


colours, all the artificial ones; which wN 


ſee every inſtant; are compoſed; and every. 


object is of this or that colour, as its 
parts are fitted for reflecting the còrre⸗ 
ſpondent ray in greater abundance. A 
red object reflects the red rays moſt co- 
piouſly, a blue object the blue, green ob- 
1 the oh Gut n o wu uld 


Nur 105 115 $1 TO 8 wo 1 red 
Bur though t hd — 1 of an 1 objech 

arifes from its reflecting rays only of one 
particular colour, yet a number of! parts 
may be ſo mixed in onè object, as to rec 
flect the rays of almoſt every colour in 


the priſm as we may eaſily effect by 


mixing different powders together, tho” 
you? A a 3 1 
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in this ** inmeality, the colours a are re- 
flected from a great number of minute 
objects all of different Hues, yet to our 
naked and undiſtinguiſhing eyes, the 
whole ſeems but one uniform ſurface of 
colouring. Thus we often call that green, 
- which is in fact a mixture of blue and 


yellow; we think that orange, which is 


compoſed of two colours, yellow and red: 
and thus in general objects of different 
tints are made to imitate one of the ori- 
ginal tints, granted by the ſimple pri- 
matic ray; but colours, thus compour 
may be eaſily diſtinguiſhed from the 
ſimple ones. That body, which reflects 
one priſmatic colour in greateſt abun- 
dance, has ever the moſt beautiful and the 
brighteſt dye; while, on the contrary, 
thoſe. bodies, which reflect ſeveral differ- 
ent colours, ſeemingly blended to the eye, 
ever ſtrike us with leſs vivid and leſs 
beautiful impreſſions: and indeed, the 
whole ſecret in the painter and dyer's art, 
is to make their colours as ſimple as they 
for in proportion as they are mixed, 


| Experimental —— 
they loſe their beauty; for inſtance, = 
{imple green priſmatic colour is the moſt 
beautiful imaginable; a green leſs beau- 


tiful is made by an artificial mixture of - 


two colours, blue and yellow; a green, 
ſtill leſs beautiful, may be made by a mix- 


ftture of ſimple green, orange, and indigo; 
burt the moſt obſcure green of all will be 


that made by a ſtill greater number of 
theſe colours united. By much compo- 


' ſition in this manner, the beauty of every 
colour may be deſtroyed, and all its live- 


lineſs dimmed into faintneſs. Grey, ruſ- 
ſet, brown, are only compoſitions 'of 
many colours, they may be conſidered 
as ſo many leſſer degrees of white, and 


differ only in having the proportion of 


their colours leſs evenly mixed, and con- 
ſequently not affecting us * ſuch 
2 ſenſations. 


II was obſerved in the mt that 

the different colours paſſed through the 
Priſm in different directions. The red, 
2 leaſt refracted or bent in its courſe, 
| 1 4 went 


a8 Se err 
vun almaſt directly. forward the ſuo- 
ceeding colours diminifhed/in their force, 
till che violet: was refrafted: moſt of all, 
and went through the priſm in a very 
| oblique. direction. >. Whit can be the 
4 8: mort dire rels in one 
ray itharvin: the other ? Why is the violet 
dtiven more out f its courſe than the 
red Qa it be aſcribed to any other cauſe 
wan dhel different attractions which thie 
| trays:undergo from the medium, 
ar-glafſy; body; through which they paſs? 
A. Muſt cortaĩtly be ſo. The red rays are 
Isaſt attracted, and therefore drive through 
woſt i disectly; the vidlet are moſt at- 
Rracted, and therefore they go through 


bad occaſion; to obſerve, that almoſt all 
Þadicyirepel.as yell as attract; und ttrat 
vhen at a certain diſtance; the attracting 
power is too feeble to act, then the re- 
pPulſixe power exerts its force, and the 
hodies are dtiven ſeparate. Now what- 
ever be the attractive force of the ptiſin 
ws ſome rays of light in ſome circum- 
21325 e ſtances, 


1 


ther aoſt oblique of all. We have often 


3 BR . 


ſtandes, eee, W- 
tepornhe! ne rin pte uir cum 
ſtabees/ and chat ry which it attractell 
moſt ſtrongly at one time, „it will. repel 
with the greateſt violence at another A 
ray repelled or driven back is only in other 
words a ray reflected ſo that we may ſay, 


thut thoſe 0 which/ are moſt ſtrongly 
refracted, are moſt ſtrongly refleQtedialſo; 


the attractive power operates: at one time 


alſo; wkile'on the other hand, the red 


ray, as being ſmall in refraction, will be 


flow im reflection; and this is found true 
by experiment: for if we turn a priſm 


round upon itſelf in ſueh a manner, that 


hn light, which was tranſmitted through 


t. be reflected upon an object properly | 


Sy we {h4lk fee tlie violet will be 
the fiiſt colour that will ſuffer reflexion, 
then each other color in ſuccefſion/tillred 


Lotties tc cloſe up the rear: From hence 


therefore | 


inet: | 
-E 


And refraQts the 'rayy and the repellerit 
power at another; afid reflects iv. Af this 
then he che caſt, the violet ray; as it is 
moſt refracted, will be moſt reflected 


360 4 1 of 


nnn that the ſame 
_ which produces the refraction of 
the rays, produces their reflexion alſo, 
The: more we 8 the more 


W may now en 2 con- 
dlude, that if colours have not that vari- 
ety, the uninitiated obſerver would ſup- 
ſimple, yet ſtill enough by their variety 
to give us all thoſe pleaſures which a 
mixture of them is ſometimes apt to pro- 
duce. Colours and ſounds have ſome- 
thing in them alike. There are ſeven 
notes in muſic, there are ſo many colours 
in the priſm. The . diſtance between 
each note is aſcertained, a ſimilar di- 

ſtance is alſo found between each coloured 
ray ; but we muſt not from hence ſup- 
poſe that there is any real reſemblance 
between ſounds and colours; theſe are 
merely accidental ſimilitudes, and their 
diverſities are ftill more numerous; each 
note, for inſtance, may be divided into 


many tones; each ſimple colout is indi- 
viſible, The combination of tones fome- 


times increaſes their beauty, on the con- 


trary, the combination of colours deadens 


their effect. The ſucceſſion of ſounds 


have a very fine influence upon the mind, 
the ſucceſſion of colours has ſcarce any: 
yet in this philoſophical age, it was not to 


be ſuppoſed, that the trifling reſemblancde 
between ſounds and colours, as mentioned 


above, ſhould paſs without proper no- 
tice. In fact, a whimſical French philo- 
ſopher has written a treatiſe to prove, 
that as our ear finds pleaſure in the ſuc- 
ceſſion of ſounds, ſo the eye may have a 


ſimilar one from the ſucceſſion of colours. 


There is, ſays F. Caſtel, a muſic of co- 
lours as well as of ſounds; and when the 
eye has been for a ſhort time leſſoned to 
ocular ſucceſhon, there will ariſe as much 


Pleaſure to the eye, as the ear derives from 


found. For this purpoſe he compoſed an 
ocular harpſichord, as he called it, which, 
inſtead of ſounding to the ear, preſented 


colours to the mu ; the priſmatic rays 


furniſhed 
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T7 » 2 all cdlours, and knows, that it is 
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Ir will be now a. ſubject entirely cu; 
rious, to inquire what. is che peculiar con · 
formation of thoſe 1 which thus 
reſſed one ſott of tays and no other; to 
aſſign the cauſe why the ruby reflects 
nothing but the red rays, aud the * 
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we Me Miche only „ obferied . 
Ae ſubſtance itſelf,” we ought now 
n ratior of the ground 
Which receives it: to Inquire how 
comes that every object hath this = 


3 one colo r, while it va 
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reaſon in "TER hy 1885 res 
flect this. or that Kind of ray more 973 
oully than any other, and | conſequently aſ- 
ſume one particular colour, is, that the ſize 
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and denſity of the parts, o jy 0 6 of which b. 

are compoſed, a are diff rent. Let us 

a moment ſuppoſe t the f prfaces of al he 

objects around us co compoſed, of an {Baie 
2 ny number 


ae of ſmall glaſſy plates, let us ſup- 


thing thicker than the plates of another; 
let us Rill farther ſuppoſe, that a beam 


of light, with all its ſeven rays, ſtrikes 


againſt one of theſe little thin plates, 
what will be the oonſequence? This 


plate will in ſome meaſure reſemble a 
ſhield : if it be extremely thin, it will be 


unable to repel the ſtrongeſt darting rays. 
The red, the orange, the yellow, the 
green, the blue, and the indigo rays will 
all dart through it with unreſiſted force; 


the feeble violet ray alone will be unable 


to get entrance, and will therefore be 
reflected back to our eye, and we ſhall 
ſee the whole object, if it be compoſed 
of ſimilar plates, of a beautiful violet co- 


lour, while all the other rays have paſſed : 


into the ſubſtance of the body, and are 
there ſtifled and loſt. Suppoſe the plate 
againſt which the ſeven rays are darted 
to be alittle thicker, the indigo then will 
be repelled and reflected, and the object 
will N of chat colour; chus, as the 
plates 
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a mieroſcope, and it will be found nearly 


light through it, but if beaten out ex- 


Parti are tranſparent like other babes; 
and it will caſa greeniſh light if put 

over a hole in à darkened window; 2 
that if gold be conipoſed of tranſparent 


a g means 


Tae heond alfertlon, that FR thinner 


body which they con 
in view. This, at firſi ſiglit, ſermd i- 
poſſible to be proved; for where ſhall we 
find plates fufficiently thin- to determine 
this, or how can we meaſure them when 
found? Newwn, the moſt fertile of all 
philoſc in expedients to.confirm-his 
theory, threw light upon the intticacy 


ie els their compoſition with | 
tranſparent. Gold in the maſs lets no 


tremely thin, we ſhall: then ſee that its 


parts, ive may fafely conclude the lame 


5 the plates, the more inclining to violet or 
to black itſelf, would be the colour of the 


by a very: obvious; though till then 
I r W 26 The bubbles 
Vor. II. B b 2 which 
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which children, blow. with a mixture of 
ſoap and water, or the froth that' we 
often ſee ſtanding upon the ſurface of a 
 waſhing-tub, appeared to him capable of 
being turned to philoſophical purpoſes; 
things overlooked by the reſt of mankind 
ate often the moſt fertile in ſuggeſting 
hints. He blew up a large bubble from 
a ſtrorig mixture of ſoap and water, and 
ſet himſelf attentively to conſider the dif- 
ferent changes of colour it underwent 
from its enlargement to its diſſolution. 
He in general perceived that the thinner 
the plate of water which compoſed the 
ſides of the bubble, the more it reflected 
the violet- coloured ray; and that in pro- 
portion as the ſides of the bubble were 
more thick and denſe, the more they re- 
flected the red; he therefore was induced 
to believe, that the colours of all bodies 

proceeded. from the thickneſs and denſity 
of all the little tranſparent plates of which 
they are compoſed : but this was only 
| conjecture; to bting the theory to greater 
1 n it e meaſure the 
7 : 8. | 1} thickneſs 
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thickneſs of the plate of water which 
Lompoſed the bubble; but this was at- 


tended with ſome difficulty, for the 


bubble was itſelf of too tranſient a nature 
to admit of any experiments upon it. He 
now bethought himſelf therefore, that 


o glaſs plates might be made to ap- 
proach ſo very cloſe to each other, that 
if water were put between them, it could 


be preſſed as thin as might be thought pro- 
per. For this purpoſe therefore, a glaſs, 
a very little convex, was placed upon 


touched only in the middle, while all 
the other parts were almoſt, but not 


quite touching, ſo that water, or even 
common air, being placed between them, 


was preſſed to the greateſt conceivable 
degree of minuteneſs. As the convexity 


öf one of the glaſſes was known, their 


diſtance from each other at every point 
eould be eaſily meaſured, and thus the 


thickneſs of the plate of water between 
them, at any diſtance from the center, 
* the glaſſes touched, might be de- 
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1 with the moſt exact preciſion, 
When theſe glaſſes then were thus preſſed 
together, the water ox air between exhi- 
bited the following appearances: In the 
FA middle point, where they touch, appeared 
a black ſpot perfectly tranſparent, next 
to this a ring of blue, then of white, yel- 
ow, orange, red; then a new order of 
| the. ſame colours hegins again, and ſoon, 
ons coloured ring without the other, for 
= or ſeven different repetitions of orders 
5 fuccetliye J each outer circle however 
| more obſcure han thoſe within, like the 
r waves hpon a diſturbed ſheet, of 
Water, In all the orders, however, it ap- 
| Pegs chat, the, reds are reflected by the 
Plates of greateſt thick; * agg. the wor 
| g y e 1 bende el 


34 * maſt be obſerved, hoorgger, that 
abe. colours in theſe, rings. are by no 
| means. ſimple, but made up of two or 
a three,, and, ſometimes four. of the ſimple 
priſmatie..colours united together ; and 


trom e 8 e infer, that 
all 
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Al the objects of nature may be ſuppoſed 


_ t6 have their tints compounded. Like 
theſe cbloured rings, each object around 
us Partakes of ſeveral ſimple colours 


hlended into one compoſition, and by 


Knowing the ſimple colours that go into 


the bags yore of a __ ring, we may 


g0 into the echt of ME of ex- 
4Qly fimilar colours, with which we are 
erdinarlly converſant. Thus, for inſtance, 
if we türn dur eyes to the azure blue of 
the ſkies, and demand what are the ſimple 


colours that go into its compoſition, we 


have only to examine the different orders 
of blue in the variouſſy coloured rings of 


this pleaſing experiment: among the 
number, we find a beautiful faint blue 


of the firſt order, exactly reſembling the 
colour of the ſerene ſky: nor does it 


only reſemble this blue in colour, but i in 
ature alſo. The colour of the heavens 
mut ariſe from the nearly tranſparent 


vapours that float within its boſom ex- 
ceſſively ſmall, and their parts of almoſt 


B b incon- 
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n thinneſs; the. . c % 
| loured ring is reflected by a plate as thin 
as can well be imagined, being nearly an 
hundred thouſand times thinner. than the 
cryſtal of a watch. In this manner we 
may find the ſimple priſmatic tints in 
every other object. The beautiful green 
of the fields exaQly reſembles a fine green 
in. one of the coloured rings of the third 
order. - This colour is compounded of 
three ſimple tints,, blue, yellow, and 
green, and reſembles the natural verdure 
of the fields in more than one circum- 
ance; 'E for as the vegetables wither, 
| they grow yellow, and thus diſcover the 
colours which originally, went into the 
compoſition of their natural beauty; in 
ſhort, there is ſcarce a colour in nature, 
f chat we hall not find ſome ſhade i in theſe 
coloured rings bearing ſome. reſemblance 
to; and univerſally, the leſs compounded 
every colour, and the more 1t approaches 
priſmatic ſimplicity, the more vivid its 
Z ne, and the Pre n its ray. 
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LET us again therefore repeat with 
cath atec pleaſure thoſe ſurpriſing diſ⸗ 
quiſitions into nature. Every object 
takes its colour from the rays of light, 
which its parts are moſt fitted to reflect. 
The ſmall conſtituent parts of every ob- 
je& are in themſelves tranſparent, 75 
while they ſuffer ſome” rays to paſs, they 
reflect others. If the parts were en- 
tretnely ſmall, and compofed of plates as 
thin as the ſides of a bubble juſt going to 


break, their colour would be of the vio- 


let kind; if the parts were thicker, they 
would aſſume ſtronger colours through 
the ſuceeſſtve ſhades up to red. Nature 


however preſents us with no object, whoſe 
Tolour is ſimple an reflects only the 
ght of a ſingle coloured ray The Tkies, 


the fields, the flowers, the emerald, and 


the ruby all have their tints from a com- 
poſition of ſimple colouring,” each moſt 
— the nearer 3 it pena gy fimpli- 
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„ire far r the cauſe of colour and 
the ſize. in the parts of bodies to refle& 
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eren ſurfger over ſurface, like one glaſs 


comes it that fore bodies — 
While others of the ſame colour are per- 
feftly dark, and let no raps af light paſy 
them: * of flares * it — = 


a one of ic ſides, 


8 "light pots through at 
tf - 10 = ae this 


Jae 3 powder, what, would be the conſe- 
Sener 2, de 
be, Wat neither would: any longer 
be transparent nor ſaſfer the light to paſk 
chrough them. The tuby thus pow- 
ſered and made up inte 2 paſte, would 
be as: gpake c the ſealis 
The resſon of this difference then will 
pow be obvious: While the ruby was 
in its jewel ſtate, its pores were ſmall, and 
plates of which it was compoſed lay 


2 "a i 9 plate 
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Plate laid upon another, The light 
2 git i On even teh 


driven back, or riſfered — the 
way but it myſt be very different with 


\ porous, its ſurfaces lie 


fall upon the outward broken partiales of 


| the gem. and by being reflected to the 
eye, give ue, ab in the former caſe, a 


number of rays will - paſs into its ſub- 


porous, the condenſed matter which in 
the former caſe attracted it, and increaſed 


the rays celerity, now no longer aQs. 


with equal force, the ray feebly attracted 


therefore will be partly repelled, will 
dart from pore to pore, will be driven 


into ten thouſand directions, and will be 


at laſt totally loſt to ſenſe. In a word, 


um ency of. al bodies ariſes from 


the 


gy on Im wes ny ; 


confuſed and in unequal directions. A. 
: part of the rays of light therefare- will 


of redneſs ; but far the greater 


i ſtance, they will upon entrance find it 
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che Mosel and ſimilitude in t 
texture of their parts, while t 


their opa- 
city on the contrary ariſes from their 
being very porous, or from being com- 
poſed of 3 very diſſimilar to each 
other. The ruby was deprived of its 
trariſparency'by being ground to a coarſe 
der, a degree of tranſparence might 
again be eftored by grinding theſe coarſe 
parts ſo as to make them extremely fine, 
benny mona them in ſome me: 
| to-theif original mitneneſs, And in 
chis manner ſome of thoſe tranſparent bo 
res called paſte; are formed by repeated 
trituration. We may conclude therefore 
that to make almoſt any body tranſpa- 
rent, Httle more is requiſite than to di- 
mitm the {pores.” Pa er tranfmits but 
little light; it becomes nore 
i oppiis up its interſiices with Re” 


Rs the parte of iodies me Abnte 
cloſe and ſimilar when they are tranſpa- 
ent, on the other händ, if they reflect 
* muſt neceſſarily come from 
x __ 
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thejr pores. The ray, Which is attracted 
py the ſolid parts of the body, is — 8 
when it comes to a pore; for wherever 
attraction ceaſes, there repulſion begins. 
T hus, when the rays of light paſs from 

air into glaſs, juſt at their entrance into 
this new medium, ſome of them muſt meet 
pores, from which they will partly be re- 

pelled, and yet a part will enter, and ſo 
there is a ſmall reflection from the nearer 
ſurface of the glaſs. As the rays go for- 
ward, by coming to the back ſurface of 
the glaſs, and going again out into air, 
they will meet with a greater number of 
ores than they firſt did upon their en- 
trance into the glaſs, and there will be 
therefore more rays reflected from the 
back ſurface than from the nearer; and if 
the rays, inſtead of going out from the 
back ſurface into air, went into a void, 
| which has ſtill more pores than air, they 
would meet ſtill more oppoſition tq repel 
their progreſs, and they would be re- 
flected ; in greater abundance. What is 
* true in ee is equally proved by 


expe- 


c receiver wit viel — | 
poſed, then we ſhall ſee, as the dif" 
pumped from behindy che ray — 
to de reflected men Wihder furfabe i 
4 very-copious | 
apart Rayon encchl 4 
Ix this ma i ted 
| the-pores-of- all Dodkes 4 bit * iy ie 
obfested, that we fbrmerly affetted thut 
the denſoſt and thickeft plates are roſs 
ich reflect che meſt numerous rays, 
wketd&' we row may, that the pores fee 
: nes du ye 6nly ; des not this imply 
2'@Atrddiction ? Not at a; for de mtiſt 
— 6 ray of Tight is ever mot 
reflected wren it pales between too ine< 
dms, iet have the great tet Giſererice 
in their defifities ! for inſtance; it is 
moſt reflected wen it paffes from a very 
rare medium, Rke ir; into à very denſe 
one; "like quiekflet. f is repelled from 
the pores of the latter in great abund- 
ane; for quickfitver, though denſe; hath 
bümderlele pores notrithſtanding. 4 | 
"_*y | HIS 
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Tais theo bringe us to the laſt ſtep of 


aur theory... We ſaid long ſince, chat 
bodies which were very white reflected 
all manner of rays. Tin is ſuch & body. 
We now ſay that the denſeſt bodies are 
moſt apt to reflect rays coming from. 
rarer medium. Quickſilver has great 
denſity; a mixture of tin and quickfilyer, 
therefore is made uſe of to reſloſt the 
rays in a common mirrour. A txapſptr 

tent glaſs plate is fixed before to prevent 

any injury being offered to ſo ſoſt a fub- 
ſtanee as the two metals united make; a 
part of the rays enter the pores of the 
_ glaſs, they go through, meet a medium 
of at; a _y part are reflected 
10 be loſt emen in the boſom of 
the metal. 


„ 1 cranſparency, and re- 
flecting power of bodies in this manner 
ariſe from the different denſities and 
thickneſſes of the parts of which they are 
:  <mpoſed, it is no * EY to ſee 


. two 


ol Soxvvy 4. 


. with each kbltier; ; — what 
ever makes à change in tlie denſity of 
= Parts of which either fluid is com- 
poſed, will of conſequence alter its tranf- 
N40 icy or its colour. If the ſaline parts 
of one liquor enter the pores of another, 
this will dilate them, and conſequently 
alter their colour. If two liquors ferment, 
the parts of one will be daſhed againſt 
thoſe of the other, and thus either unite 
into larger maſſes, and ſo become opake, 
or break into ſmaller, and thus grow 
tranſparent. A few inſtances of ſuch al- 
ations in _ will not * ee 
aha we ciafale or lep a 5 common and 

nut in water; and mix this with ſome 

' powdered vitriol or copperas, it will make 

| the black liquor, ink. If we pour into 

® this mixture a few drops of aqua-fortis, 
the whole will then become as clear as 
water; for there is (if I may ſo ſay) a 
ſtronger affinity between the vitriol and 

aqua- fortis, than between the gall- water 

| - | and 
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and vitriol: the vitriol and aqua · fortis 
therefore attract each other, they unite, 
and the heavy aqua-fortis drags the vi- 


triol with it to the bottom, leaving the 


gall - water above all in its former tranſ- 
parency. If how ſome drops of a lie of 


pot- aſh be poured in; as the affinity be- 
tween the aqua-fortis and pot-aſh is 
greater than between aqua-fortis and vi- 


triol, the aqua · fortis will deſert the vi- 


triol and eling to the pot-aſh. It drags it 


down to the bottom, as it before did the 
vitriol, while in the mean time the vi- 
triol being ſet free, again mixes with the 
gall-water, and thus the fluid aſſumes its 


former blackneſs. It may be again made 
tranſparent, by pouring in a few drops 


of the ſpirit of vitriol. 


A 5 $0LUTION ; of copper, | which. 18 
green, 1s made clear like water by pour- 


ing in a few drops of ſpirit of nitre; and 


by again mixing ſome oil of tartar, it 
e * as before. 


Rep 


| 
* 
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: 


846 4 Bünvar his 
Red * mne ue in 
„ 1 L 
fortis, juſt lightly dropped in, gives the 
whole a beautiful red. Alice of pot · aſn 
turns this to a beautiful green. Spirit of 
VFitriol dropped in, after e hed 
IT he (pee me: 


. 
dark ug inen uf ec and be- 


Setter oN * ts Fein Aa 
green, by ſpirit of vitriel becomes co- 
lourlefs, then by a ſpirit of ſal ammoniac 
| turns a puyple, and then by oil of vitriol 
by 0 aſp 1 at again. „„ 


Tas following * ben des 
N void of colour, produce by mixture a 
| highly; coloured liquor. Rofated-/ fpiric 
of wine, quite limpid, and ſpirit of vi- 
triol, almoſt ſo, produce a red. Solution 
of mercury and oil of tartar; orange. So- 
| lution of ſublimate and * yel- 
- \ | low. 


Hit ischs, 3 555 


low. Tiukkure of roſes and oil of tartar, 
green. Tincture of roſes and ſpirit of 
urine, a blue. A very ſlight ſolution of 
copper and ſpirit of ſal ammoniac, purple. 
Solution of ſublimate and ſpirit of ſal 

ammoniac, white, Solution of ſaccharum 
ſaturni and ſolution of vitriol produce a 
black. 

Tux following liquors, which are co- 
bored, being mixed, produce colours very 
different from their own. The yellow 
tincture of ſaffron, and the red tincture 
of roſes; when mixed, produce a green: 
Blue tincture of violets and brown ſpirit | 
of ſulptiur united, produce a crimſon. 
| Red tincture of roſes and brown ſpirit of 
hartſhorn make a blue. Blue tincture of 
violets and blue ſolution of copper, give a 
violet colour. Blue tincture of cyanus 
and blue ſpirit of ſal ammoniac eoloured 
make green. Blue ſolution of Hunga- 
lian vitriol and brown lie of pot-aſh make 
yellow. Blue ſolution of Hungarian vi- 
triol and red tinQure of red roſes make 
Vou, II. Ce 2 black 


2 
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a black. Blue tincture of cyanus . 


Srern ſolution of rer produce a red. 


Tren 1 are 1 e 
fo that when a ſquare flaſk is filled with | 


any one of them, with blue ſolution of 
copper, for inſtance, we can ſee objects 
Z through its ſides, all painted, as it would 
| ſeem, with a beautiful blue. But need 


we by this time obſerve, that if two flaſks 


of different coloured liquors be placed 
before the eye, no object whatſoever can 


be perceived through them? Need we 
obſerve in this caſe, that the blue rays 
paſſing through one liquor, will take a 


different courſe when they come to the 


other liquor, contained in the adjoining 
flaſk? The learner knows, without doubt, 
that the rays will be turned out of their 
former direction, they will ſuffer a dif- 
ferent refraction, and will not give a tho- 


e 1 both. ..» 3 


Tr r now remains to account for 


chat difference of colour which the ſame 
object 


F 4s 
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object frequently exhibits in different 
ſituations : thus, the colour of a dove's 

neck in one poſition is green, and in 
another, purple. The plumage in a pea- 
cock's tail now appears red, then a daz - 
zling green. Some ſilks, looked at di- 
rectly, are purple; ſidewiſe, they are red. 
Some liquors, as an infuſion of lignum ne- 
phriticum, held between us and the light, 
ſeems blue, but oppoſite the light ſeems 
red or yellow. Whence comes this dif- 
ference? It ariſes from a difference of 
denſity in the ſmall plates of which thoſe 
bodies are compoſed. In one poſition, 
| ſome are adapted to reflect the rays, 
while others to abſorb and tranſmit them ; 
for if we ſuppoſe one of theſe double- 
coloured objects to be made up of two 
ſubſtances of very different denſities, for 
inſtance, the particles of the body it- 
' {elf to be one ſubſtance, and the fluid 
that enters between them another, the 
reflections from theſe parts of very dif- 
ferent denſities muſt be very different at 
different obliquities of the eye. Let us 
Ce 2 wet 


% A SUR E * 
wet theſe double-eolou red objects let us 
dip the variegated feather in water, or 
the changeable ſilk in oil, the denſities 
and thiekneſs of their parts, and the fluid 
within them are rendered more alike, 
their reflection will be therefore leſs vi- 
Vid, and they will return but one uni- 
” de of e & 10 24 


13 W all this may FRIED 
counted. for on much more obvious prin- 
ciples. The ſmall plates of colour in one 
poſition are turned to the eye, in another, 
they are turned away, and a different 
ſurface preſented to the ſpectator. In the 
ſame manner in feeling; ſome ſorts of 
Huff, ſuch as common pluſh, if we draw 

the hand in one direction, will be a ſmooth 
ſurface, but in an oppoſite direction, very 
rough. The ſame object may thus pre- 
ſent different ſurfaces to the eye, as well 
as the touch; as a field of corn, viewed 
With the wind, is of a different ſhade 
from the ſame field viewed againſt the 
wind; in each caſe, we ſee different parts 

5 3 
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of the ſame object preſented to the view. 
The more approaching to the teſtimony of 
our ſenſes every philoſophical ſolution is, 
the more perhaps is it conformable to 
nature. It is the buſineſs of a philoſo- 
pher, like a parent, to correct the errors 
of ſenſe, but not, like a tyrant, totally 1s te 
reject their information, 


the colours of the rainbow, which ſtruck 
antiquity with amazement, no longer 


388 e, 
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of the Rainbow, 6 
f \F all the Sieben Which reſult from 
the reflection of light, the rainbow 
18 the moſt pleaſing and extraordinary : 


its colours not only delight the eye with 


the mildneſs of their luſtre, but encou- 


rage the ſpectator with the proſpect of 


ſucceeding ſerenity. | 


: 2 is but "Tay flow and painful ſtepy 
we arrive at the true cauſes of things: 


now create the philoſopher's ſurpriſe. 


To Pliny and Plutarch it appeared as an 
object which we might admire, but could 


never explain. The prieſts always pre- 
ferred the wood on which the rainbow 
had appeared to reſt, for the burning their 
endesa, vainly ſuppoſing that this wood 

7* had 
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had a perfume peculiarly agreeable to 
their deities. Some philoſophers of the 
obſcure ages began to form more juſt 
eonceptions concerning this meteor; but 
Kepler it was, who firſt ſuppoſed that it 
might ariſe from the refraction of the 
ſun's rays upon entering the rain-drops. 
Antonio de Dominis enlarged a theory 
but juſt hinted at. by Kepler; and his 
treatiſe De radiis lucis et iride appeared 
in the year 1611, ſeveral years after the 
author himſelf had been driven from his 
biſhoprick of Spalatro in'Dalmatia by the 
Inquiſition, for attempting to oppoſe the 
opinions of Ariſtotle, which were then 
cloſely eonnected with religion, or at 
leaſt thought to be ſo. Each ſucceeding 
philoſopher went on in improving a the- 
ory, the truth of which ſeemed to carry 
great probability. Carteſius and Mari- 
otte both ſet themſelves to improve the 
inquiry, but as they were ignorant of the 
true cauſes of colour, they left the taſk 
unfiniſhed, for Newton to complete. The 
— of the rainbow, as explained by 
| C 4 him, 


A bv e 


3³ 
him, is full, clear, and impreſſes the 
mind with perfect conviction. Of all 
the various meteors which ſerve to terrify | 
pr. amuſe us, this is the only one, for 
phich naturaliſts can agcoynt in a Hf 
| fact Warr manner. 7 9 215 45 $53) SH 


J Ir; is ; needleſs t to Fi" FTA meteor, 
which. every reader muſt have ſuryeyed 


with wonder. The moſt untutored ſpec> 


tator 1 that it is only ſeen When 
he turns his back to the ſun, and when 
it rains on the oppoſite ſide. Its colours 
are, beginning from the under. part, vio» 
let, indigo, blue, green, yellow, orange; 
red, ſo. that we ſee it contains all the 
beautiful and ſample ſhades of the priſm, 
Without the firſt bow, We often ſee. an 
external rainbow, with colours leſs vivid, 
and ranged in an oppoſite order, begin-: 
ning from the. under part, red, orange, 
yellow, green, blue, indigo, violet; ſome- 
times we ſee half, ſometimes an whole 
_ con ade one, 2 — work 


a 4 + 


gives | 


others have ſeen the ſame. Now then, 


to explain the manner in which the bow 


is made, and the cauſe of theſe variout 


arferpnee, which it is found joallane 


fi "Jo beg this theory why N 


periment by which Antonio de Dominig 
undertook. to explain the cauſe of the 


rainbow: this philoſopher filled a glaſy 


globe with water, and hung it at a oer- 
tain height, oppoſite the ſun, then ſtand- 

ing himſelf with his back to the ſum and 
his face to the globe, be found, that when 
this was placed in ſuch a ſituation, as 


that a ray darting from the ſun to the 
globe made angle, with another ray going 


from his eye to the globe, of forty-two 


= degrees three minutes, in ſuch a caſe, I 


ſay, he found that the globe appeared 


red. If the globe was altered, ſo as to 


make the angle between the ſolar and the 
viſual ray leſs, then the other colours of 


the rainbow aroſe, from red down to 


violet, 
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gives an account of his having obſerved 
ſuch a triple bow at Cheſter, and many 
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Liolet, which: appeared at an ang Hor 
forty degrees ſeventeen minutes. Let us 


not ſuppoſe ourſelves in this philoſo- 


pher's place, the globe before us, the ſun 
behind, and its rays againſt the globe 
making an angle with our viſual ray of 
« forty-two degrees three minutes: we 
know' that millions of the ſun's rays fall 
upon this globe, and that each ray has a 
- different colour, and is differently | re- 
fracted upon entering the globe, the red 
ray being leaſt refracted, and the violet 


ray moſt of all. For this reaſon, the red 
rays will paſs out of the globe in one 
place, the orange rays in another, the 
yellow, the green, the blue, the indigo, 


and the violet will all paſs ſeparately. 


To make this Nil plainer, let us ſuppoſe 


this globe an aſſemblage of an infinite 
"number of plain ſurfaces, which it is in 
effect. (See fig. 80.) Let us ſuppoſe the 


| i red rays, AB C to come parallel from the 
fun upon three minute ſurfaces of the 


globe, now we know that each will be 


— or bent in F pang into the globe 
| * | 
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proportionally to its-angle of incidence. 
The red ray A falls with the moſt oblique 
incidence, and its refraction will be there- 

ore greater than that of the ray B or C, ſo 
that it will be bent to R. The ray B comes 
with a leſs oblique incidence, and there- 
fore it will be refracted more directly to 
the ſame point R; the ray C inciding 
ſtill leſs obliquely than either, will be leſs 
refracted, it will go almoſt directly for- 
ward to R; thus the three rays, by fall- 


ing at difervnt angles of incidence, will 


unite in the ſame place at the oppoſite 
fide of the globe. At the point R each, 

ray will be in a great meaſure reflected, 
making an angle of reflection perfectly 

equal to the angle of incidence; from R, 

therefore, each ray will travel backward 
out of the globe, and upon emerging 
from thence at a b c, they will make the 
ſame angle with the ſurface of the globe. 
as that by which they firſt entered, they 
will therefore all turn out parallel as 
they firſt came from the ſun, and they 
wil ſtrike the — s eye, if it hap- 


pens 
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pens 40 be placed conveniently, at o. If 
there be a ſufficient quantity of theſe to 
affect the optic nerve, they will then be 
ſeep, and appear red. The rays abc are 
the viſible ones of the globe or drop of 
water, and every drop of water has thug 
its viſible rays. There. are numberleſs 
others which do not come to the eye; 
there are millions. of orange, blue, green, 
violet ones, which ſtriking upon the 
ſame part of the globe with the red rays, 
that are differently refracted upon going 
_ through, and take a different road upon 
being reflected back, ſo as not to fall 
upon the eye placed at c.. Were the 
globe lowered a little, and the angle thus 
made ſmaller, reduced to forty degrees 
ſeventeen minutes, then the violet rays 
would ſtrike upon our eye, while the red 
rays we ſaw before would paſs over our 
heads, and a ſpeRator who door © over 
vo wal 5 them. 5 


ene; what 155 here been ſaid of one 


| gl or ("oP of water is true of millions 
of 
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of drops. Let us imagine a ſhower fall- 
| ing at ſome diſtance before us, and the 
ſun from behind us darting its rays upon 
the numberleſs drops of which it is com- 


poſed. Let us, to avoid confuſton, ſup- 


poſe we ſee a rainbow of three orders of 
colours; the drop R, that is ſeen at the 
largeſt angle, EO R, will be red, the 
drop ſeen at a ſmaller angle, LOV, will 
be green, and that ſeen at a ſtill ſmaller 
angle L OP will be violet. (fee fig. 81.) 
Thus, millions of drops will be ſeen of 
thoſe three different colours: in fhort, al! 
drops in that ſhower, ſeen at the ſame 
angles will appear variouſly coloured in 
that manner: all drops, I ſay again, that 
are placed between ſuch angles, that is, 
of forty-two degrees and. forty, will be 
| ſeen coloured, and if fo, we muſt thus 
ſee part of a beautiful circle of theſe co- 
lours; for we may readily ſuppoſe an 
arch in the heavens, every part of which 
ſhall be at an angle of between forty and 
forty-three degrees from the eye, and 
this arch is the rainbow. Our eye is in 
the Point of a cone, and the rays that 
1 = dart 


"IM 


dart from it, falling at thoſe angles, form 
the circular; baſe of the cone: a part of 
this cirele we ſee coloured, while the 
earth cuts off the other. pack hib lies 
n ee. a oe . 


To make this yet Srl 1 hats the 
ſpeftator were upon the top of a very 
high mountain, and the drops of rain 


falling near him, inſtead of a ſemicircu- 
lar rainbow. he would then actually ſee 
a complete ring of that beautiful meteor. 
All drops at an angle of between forty 
and forty-two degrees will appear to him 
coloured. One drop may be ſuppoſed to 
be at that angle above the ſpectator's eye, 
another at the ſame angle downwards 
below his eye, one drop at that angle 
to the right, and another to the left; in 
ſhort, we may thus complete a circle of 
drops, and this is that glorious circle 
which he ſees, a circle not like our com- 
mon bow, cut off by the earth, but com- 
pletely beautiful, and , ſeen from 
the American Andes.. 
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Ws come now to the ſecond rainbow, 

which we obſerved encompaſſed the for- 
mer, more widely ſpread, more faintly lu- 
minous, and with inverted colouring. 
This bow, like the former, is made by 
the rays of the ſun darting upon the 
drops of falling rain, and from thence 


reflected to the ſpectators eye. The dif- 
ference between the two bows is this, ö 
that in the internal bow each drop re- | 
ceives the rays of the ſun on its upper | 
ſurface, (ſee fig. 82.) whereas, on the 
contrary, in the great external bow, each 1 
drop receives the ſun's rays at its bottom, | 
from whence the ray being twice re- 6 
fracted and twice reflected, it comes to | it 
the ſpeRator's eye with diminiſhed luftre | 


and in an inverted. order. But before 

we explain this, it muſt be obſerved, that 

as in the former boy experience proved 
that the drop muſt be placed at angles 
of between forty and forty-two degrees 
to tranſmit and reflect the coloured ray, 

ſo experience likewiſe proves, in the pre- 
«+ fſeatcaſe, that the drop muſt be placed at 
an 
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feveti minutes, en eolorires ane 

tiro refractions and two reflections, whicli 
we ſhall now 115 4 1 a OT its 


Ps yd 


be” RO of ne d FA rom! the fu fur 
dn the lower ſurface of the drop at G 
| (es Gg. 83.) there a part of theſe enter, 
while another part is ſtruck back ' by re- 
flection, and loſt: thus there is already 
part of the rays ſcattered and loſt to the 

eyr. The part refracted go on to H, a 
part of theſe go forward into air, and 
are thus loſt again to the eye, while the 
little that remains is reflected up to K. 
- Hetea third time another part of the ray 
eſeupes out of the drop, while what re- 
mains is refracted to M; at its going 
out of the drop here, ſtill another part 
of the ray is ſcattered and loft, which is 
a fourth diminution; laſtly, what re- 
mains aſter ſo many diminutions is re- 
Hed to the eye at N. Thus the ray 
eomes 


comes to the eye after no leſe than two 
reflections and two refractions; by this 


15 means, therefore, it loſes near one half 
more luſtre han is ſeen in the inner bow, 
where there is but one reflection only; 


and the colours alſo of this bow muſt 
come to the eye in a different order from 


thoſe of the inner bow ; for the eye being 


placed at O, ( ſee fig. 84.) it receives the 


leaſt refracted red rays from tlie outer 
edge of the internal bow, and it muſt 


therefore receive the moſt refracted or 
Violet rays from the inner edge of the 

external bow, the violet ray 5 being much 
more refracted than the red 5 a, as m_ 
__ Wy the _ FFD 


e is the nature 105 this meteor 
formed by the ſolar rays; but there is 


5 fometimes alſo a lunar: rainbow, formed 


exactly in the ſame manner, by the bright 

beams of the moon ſtriking upon the 
boſom of a ſhower. This meteor Ari- 
ſtotle boaſts himſelf to have firſt” re- 


marked, and aſſures us, that in his time 
Tas. 1 BS ſuch 


5 io 
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$44 a rainbow was ſeen, with the cabins 
extremely lucid. Similar meteors have 
been frequently ol obſerved ſince his time, 
and, among our own countrymen; Mr. 
Thoreſby has given the deſeription of 
one in the Philoſophical TranſaQions. 
The lunar rainbow which he obſerved. 
2 admirable both for the beauty | 
and the ſplendor of its colours: it laſted. 
ten minutes, till at length A cloud came 
ame: Fe the view. 


Bb wet 8 wks efpecial care not to 
| mb this appearance cauſed by the 
moon, with that lucid ring which we 
often ſee diffuſed round it, called an Halo, 
for the production of which philoſophy has 
as yet found no probable ſolution. Huy- 
gens ſuppoſes that there are certain glo- 
bules in the atmoſphere, conſiſting of a 
tranſparent ſhell of ice or water, but per- 
fectly opake within; and that from the 
partial reflections of theſe ariſes this me- 
teor. This can give us but very little 
datiefaction 1 in our reſearch. An infinite 
number 


{ 
i oy 0 * 


— Phi 50 phy. 40 I 


bumber of drops with icy coats and 
opake kernels. is a greater wonder than 
the Halo itſelf ; we muſt therefore leave 
this meteor, with ſome others, ſuch as 
the Parhelia, or mock-ſuns, the Para- 


ſelenae, or mock-moons, which fo often 


appear in the regions round the north 
pole, quite unaccounted for. No illuf- 
trations are better than falſe illuſtrations, 
The rainbow is the only meteor for which 
we can clearly account; and it is thus, 
that while philoſophy excites man's 
pride on one hand, it generally ſerves to 

mortify his preſumption on another. 
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7 adventitions aber. 


7E have hitherto confidered leur 

VV as it is in the light, and as every 
object is peculiarly adapted for ſeparating 
its different rays: we' muſt now obſerve, 
that there are often colours in the eye 
itſelf, which alter the tints of objects 
contrary to our deſire; we often ſee 
things peculiarly tinctured, when we 
know their colour to be different from 
what it appears. To a jaundiced per- 
ſon, white objects ſeem yellow; for the 
- humours of his eye are then actually 
tinged with that colour. To a perſon in 
a fever, the ſame objects appear red, from 
ſome ſimilar alteration: thus, a change 
in the organ ever makes a ſeeming change 
in the object, ſo that we may now aſſert, 
that the colour is properly neither in the 
oben nor in * n f but in 
„„ LE | the 
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the mind, Which perceives either. | IE 

the eyes of all men were naturally jaun- 
diced, all white objects would W N 
uniformly yellow. . 


A Ques*ion of a very zntkelbe na- 
ture now therefore ariſes. Do all men 
ſee the ſame objects of the fame colour? 
Do thoſe fields which ſtrike me with : an 
idea of green, preſent a fimilar green to 

the ge with whom 1 am walking ? 
beaurifill verdure by one name, yet may 
it not affect him with the ſame ſenſation 
which I receive from red, or any other 
colour? To make this plainer, ſuppoſe 
his eye were jaundiced from the birth, 
then it is-evident that green would ap- 
pear to him yellow; yet though we are 
 fure he ſaw the colour wrong, yet this 
would cauſe no error either in his own 
ideas, or his converſation ; for he would 

Mill continue to call that yellow colour 

green, and we ſhould underſtand him 
very readily. If a great part of mankind 


Dd 3 had 
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had their eyes thus tinqured, each would 
ſee objects different from his fellow, yet 
none would be ſenſible of the miſtake. 
1 ſay then again, May not different men 
have different ideas of the ſame colour? 
I am apt to think their ideas are different. 
If two men look at the ſame ſhining ſpot 
of 1 red upon. a white wall for ſome time 
ſteadily, the colour will ſeem- to alter to 
| each, and new colours will ariſe. I Theſe 
adyentitious colours, however, which the 
ſpot ſeems to aſſume, are different to dif- 
ferent perſons ; the ſpot turns to blue in 
my eye, while it becomes gręen to the 
eye of another ſpectator that obſeryes it 
with me. Now, if we had both origi- 
nally ſeen the red ſpot of the ſame colour, 
we ſhould ſee the changes it underwent 
of the ſame golour alſq; ; far if two things 
are exactly alike, ſimilar operations upon 
them will produce ſimilar effects, But in 
the preſent caſe, two different effects, two 
different colours are produced to each 
ſpectator from obſerving the ſame object, 5 
4 prov that the cauſe which produce l 
8 ©} © ja : 


3 
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this difference muſt alſo be double, or 
that the red ſpot excited two different 
82 originally. 


"en this be, the thou of ad- 
ventitious colours, or colours which ariſe 
when the organ is intenſely exerted, is a 
new and a pleaſing ſubject: it was firſt 
ſtarted by Dr. Jurin, whom more than 
once we have had occaſion to mention 
with reſpect. It was purſued by Monſ. 
Buffon, and he has given the hiſtory of 

his particular ſenſations in this purſuit 

very accurately; every ſpectator may 
readily compare them with his own, and 
thus diſcover how far his organs of viſion 
reſemble thoſe of others. I- haye tried 
the experiment with regard to myſelf, 
and have found the colours change to 
my view in a very different order from 
that in which they appeared to the French 
naturaliſt; the changes as ſeen By. him 
are thus related : ; 


Ws ared ſpot upon a white ground 
js earneſtly regarded for ſome time, a 
kind 


as rr e 


kind TR green bordering is obſerved Wund 
the ſpot, and if the eye be taken off from 
the ſpot, and thrown upon another part 
of the wall or ground, it till continues 
to ſee à green bordering as before, ap- 
proathing a a little dae blue.” 55 


Ir, ſays 10 we is gtdly And 
for a long time a yellow ſpot upon a 
white ground, we fee the ſpot at length 
begin to de bordered with a pale blue, 
and if we avert our eyes towards another 

part of the white ground, we ſhall di- 
ſtinetly ſee a blue ſpot of the fize and 
eure of the yellow one obſerved before. 


Tx we dieren ſtedfaſtly and for a long 
ti a green ſpot upon a white ground, 
we ſtall fee a bordering of lightiſh purple, 
And in averting the eye, we ſhall ſee a 
22 12 of the dimenſions of the 


Ir we obſerve in the ſame manner a 
blue ſpot upon the ſame ground, we ſhall 


| fee A Ras of white inchning to red- ah 


I neſs, 
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neſs, and averting our Me we e ſee : 
4 ſpot. of a light red. 


it we obſerve 9 a black ſpot 
upon a white ground, we ſhall ſee a bor- 
dering of bright white, and turning to 
another part of the wall, we ſhall ſee a 
ſpot of exactly the ſame dimenſians with 
the former of a whiteneſs far Ing 
that of the wall, 155 | 


| 17 we obſerve 1 and attentively a 
ſquare ſpot of bright red upon a white 
ground, we. ſhall firſt begin to ſee the 
flight green bordering mentioned above; 
continuing to look with fixed attention, 
we ſhall ſee the middle of the ſquare be- 
gin to be diſcoloured, and the ſides aſſume 
a deeper red, and forming a ſquare of a 
dark crimſon ; then retiring a little back- 
wards, ſtill keeping our eye fixed, we 
ſhall ſee the crimſon edge or ſquare croſs 
the ſpot, and appear in the manner of a 
| ſaſh-window with four panes of glaſs, 
the croſs bars in this little ſquare being 
a8 viſibly different as the wood from the 
glafs 
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glaſs in the window ; continuing Aill é 
| look ſedfaſtly and with perſeverance, this 
_ croſs changes again, and we fee only A 


right angle of à red, ſo ſtrong and pene 


trating, that it entirely dazzles the eye, 
and the organ becomes incapable of bear- 


ing further fatigue. If now the eye be 


turned upon another part of the white 


wall, the right angle will till appear, 


but no longer red, but of a bright and 


luminous green. This impreſſion re- 


mains a long time, its colours fade away 


ſlowly, and « even remain after the eye is 
ſhut, 13 


* 


War thus is effected by regarding 
the red ſpot, will alſo be the conſequence 
of our regarding a yellow, a green, a blue, 
or black ſpot, the croſs and the right 
angle. will ſucceſſively appear each of a 
colour which is 8 adventitious | 
to irſelf, | 


en looking at the ſun as long as 
the eye could bear, the image of this lu- 
minary was ſo ſtrongly imprinted, that 


A it 


2 


i mixed itſelf ah every eter 3 15 
viewed for ſome time after, in a manner 5 


— what has already related. 


"WIR? is the kiftory of Mont Buffon. 
It now remains to be obſerved, that 4 in 
| whatever manner it may in general de- 
ſeribe the ſenſations of ſome eyes, it-cer- 

| tainly does not agree with the changes 8 

which are wrought in all. The experi- 

ment is eaſy; and every ſpectator may be 
ſoon convinced, that the adventitious co- 


lours here deſeribed will not be exactly 
ſimilar to thoſe deduced from his on 


experience. What then can we gather 
from this inquiry? Only this, That co- 
lour is in the organ, not in the body ſeen 2 


that man often makes colours without an 
object: that adventitious colours are not 


the ſame to every eye; and as theſe ariſe 
different, ſo it is very probable that the 


original colours, which are the ſources 


from whence the others proceed, are alſo 
different: in other words, that the ſen- 


ſations which different men have from 


the ſame coloured object are as much di- 
— 
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he organs Aa them: 


1 the things. but the names 
. ITY ve an e on vith cer· 


3 ncluſion: 1 nortify 
02 teaſonin pride, that the more minutely . 
ne penetrate into nature, the more we 
Ip find cauſe to diſtrüſt our guide itſelf 2 
that the deeper ſcience is purſued, the 


me ſerves to diſenchant thoſe pleaſing 
© © delufions. which itſelf had before taugt 
IS te ung, A minute inveſtigation of © 
1 Hature ſtill preſents new wonders, till at 
4 . | af the, philoſopher ſeeing the number 
8 FR: amazing. and. equally, inferutable, he at 


length. loſes curioſity. i in deſpair, and. won- 
ers at nothing: yet let us while we live 
1 Krive to be amuſed and to amuſe each 


> 3 


_ other., If our happineſs hereafter is to 
3 hr: 1 conſiſt in Knowing much, let us here, b b. 
BM our feeble anticipation at leaſt, ſhew a 
i paſſion, for: the ment of ſcientific 
. . * - (A 
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